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UMEROUS investigations have been made in this country and in other 

countries during the past few years in an effort to determine the reliability 
of long-accepted blood values and to establish standard normal blood values 
for particular geographical areas. The greater number of studies have been 
concerned with the normal or mean values for the quantity of hemoglobin and 
the number of red blood cells for healthy persons. Only a relatively small 
number of studies have been made on the normal values for other blood ele- 
ments. The present report is concerned with the results of complete hematologic 
examinations of healthy men. Reports in the literature of similar complete 
hematologic studies for men have not come to our attention. 

Reviews, ineluding narmal values for all blood elements for adult men, are 
lacking, though reviews of the studies of normal values of some individual 
hlood elements are found in the literature. Myers and Eddy,’ and Nelson and 
Stoker? have reviewed the literature on normal values for hemoglobin of men, 
while the latter, Andresen and Mugrage,? and Mugrage and Andresen‘ have 
reviewed the literature on normal numbers of red blood cells. The last-named 
alithors have also presented a consideration of the values for the various cor- 

secular constants. Garrey and Bryan,’ Osgood,® and Osgood and co-workers” ® 
hive reviewed the literature on leucocyte values, while Olef® has reviewed 
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studies of normal values for platelets. The results of studies of normal values 
for the various blood elements for men in the literature available to us are 
summarized in Tables | and II for the purpose of comparison with the results 
of investigations of mean blood values presented here. 


SUBJECTS EXAMINED 


The 137 men examined in this study were all university students, ranging 
in age from 16 to 25 years. All had resided in the Hawaiian Islands for at 
least two years, and the greater number of them were born there and had lived 
continuously in the Islands. The individuals were all of average good health, 
and none had had recent illness. They were of different racial groups, the 
number of persons in each age group, and as well the number in each racial 
vroup, are indicated in Tables HI and IV. IHlonolulu is situated on the sea- 
shore, and the homes of its residents range from sea level to an altitude of 
approximately 1,000 feet. 


METHODS OF STUDY 


All blood samples of the subjects examined weresof capillary blood, ob- 
tained from a deep puncture of the finger made with a sharp spring lancet, 
only the freely flowing blood being used. The hemglobin estimations for 31 
men were made by the acid hematin method, employing a Bauseh & Lom) 
colorimeter equipped with a standard hemoglobin color disk. The color disk 
was checked for accuracy during the course of the study. The remaining 
hemoglobin estimations were made with a Klett-Summerson photoelectric 
colorimeter employing the acid hematin method, the colorimeter being checked 
and standardized against the Van Slyke oxygen capacity method of hemoglobin 
determination. 

Enumerations of erythrocytes, leucocytes, and platelets were made by the 
use of Thoma pipettes and Levy counting chambers, certified for accuracy b) 
the United States Bureau of Standards. Hayem’s solution and Tuerk’s solu- 
tion were used in diluting the blood samples for red and white blood cell counts 
made in the usual manner. The solution of Rees and Ecker was used for dilu- 
tion of blood samples for platelets, the counts being made by the direct method. 
The volume of packed red blood cells was determined by the use of capillary 
hematocrit pipettes according to the method described by one of us (C.J. H.), 
and calculations of the corpuscular constants were made by the use of th: 
formulas suggested by Wintrobe."? Differential leucocyte counts were mad 
from blood smears stained with Wright’s stain and counterstained with Giemsa. 
Counts were made from three smears for each person, the average for the three 
counts being taken as the differential count for the person. 

The data obtained in this study were submitted to statistical analysis, and 
mean values were determined for each blood element for each age group and 
racial group. Statistical constants were calculated in all instances. The 1 
sults and conclusions presented in this paper are based on the statistical studics 
of these data. 

OBSERVATIONS AND RESULTS 
It has frequently been suggested that values for the different blood e 


ments may vary for different racial groups. It has also been suggested th 
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values for different geographical regions may vary due to operation of factors 
of climate and altitude. Age differences for adult men, however, are thought 
not to occur, and if they do they may be so slight as to be insignificant. The 
extensive data collected in this investigation were analyzed to determine 
whether age or racial differences occurred for this series of persons. If age 
and racial differences were found not to oecur, mean values could be calculated 
for all the blood elements for the entire group, these values to serve as standard 
blood values for the Hawaiian Islands for comparison with blood values re- 
ported for other geographical regions of the world, 

The persons examined in this study ranged in age from 16 to 25 years, but 
the number in each age group was great enough to permit critical analysis only 
for the ages from 18 to 22 inclusive. General observations of the blood values 
for these age groups, supported by statistical analysis, showed that significant 
differences in the blood values did not occur. The values for the various blood 
elements for the different ages are summarized in Table III. 

In the study of racial differences in blood values, sufficiently large numbers 
of persons to permit statistical analysis oceurred only for the Caucasian, 
Chinese, and Japanese racial groups. The number of persons of other racial 
groups attending the University of Hawaii is so small that many years would 
be required for critical studies. For the three larger racial groups, statisti- 
cally significant differences for none of the blood elements occurred. The 
values for the various blood elements for the different racial groups are sum- 
marized in Table LV. 

Since significant age and racial differences for the various blood elements 
did not occur, all these data were combined for determination of normal blood 
values for young men residing in the Hawaiian Islands. The mean values, 
statistical constants, and the range of the values for the different blood ele- 
ments are presented in Table V. The frequency of occurrence of the various 
blood values is graphically presented in histograms in Chart 1. 

The mean values for the various blood elements obtained in this study for 
healthy young men of the Hawaiian Islands may be compared to those for men 
of other geographical regions summarized in Tables [ and II. Sueh a comparison 
indicates that the values obtained in this study are closely similar to those 
given by the greater number of investigators. It is evident that particular or 
peculiar types of normal blood values do not exist for adult men of the Hawai- 
ian Islands. 


DISCUSSION 


It is generally agreed that blood values for healthy adult males are con- 


stant. This feature of blood values has been pointed out by Osgood,® Andresc! 


‘ 


and Mugrage,* Wintrobe,’? and many others. Our conclusion that age differ 
ences did not occur for the blood values of the series of healthy persons ex- 
amined in this study was, therefore, anticipated, particularly in view of 11e¢ 
narrow age limits of the group examined. Also, it has been pointed out by 


Osgood,® Mugrage and Andresen,’ Sachs, Levine, and Griffith,’* Goldhamer a 
Fritzell,"* and many others that adult blood values are attained by males | e- 


tween the ages of 15 and 17 years. Our data tend to support these observati« 
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It has frequently been suggested that racial differences for blood values 
may occur and that these variations may account for differences in mean blood 


work has been undertaken. 


It is, however, a problem on which very 
Hamre and Wong, 


in a study of 


normal blood values for pre-school age children of different races, particularly 


Chinese, Japanese, and Caucasian, found the blood values to be similar, with 
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0 significant differences. Nelson and Stoker,? in studies of hemoglobin and 


ed blood cell values of white and negro adult men, found no racial differences 


to exist. 


Myers and Eddy,’ after a study of hemoglobin values reported in the 


iterature for different races, came to the conclusion that racial differences did 


ot oceur. 


aces, indicates that, when due consideration is given to variations in technique 


A study of Tables I and II, which include blood values for several 
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employed in the studies, racial differences in blood values do not exist, or if 
they exist, they are very small. The present study supports these conclusions, 
since it shows that for Chinese, Japanese, and Caucasian men of similar ages 
and environment, statistically significant differences for the mean values of 
none of the blood elements occur. 

It has also frequently been suggested that the differences in mean blood 
values reported by different investigators may be due to geographical factors 
other than that of altitude. Walters,'® ' Wintrobe,’? and Myers and Eddy’ 
have concluded that significant differences of blood values for different geo- 
eraphical regions do not exist, and that blood values are generally the same 
for all regions of the world. The mean values reported by various investigators 
from various sections of the world, presented in Tables I and II, indicate that 
this conclusion must be accepted, and that the normal blood values for men 
residing in the Hawaiian Islands cannot be considered to differ from the blood 
values of men residing in other regions of the world. 

Mean blood values for normal persons, as Nelson'* and others have pointed 
out, represent only the central values of normal, the normal values ranging 
above and below these means. Mean values, however, may be employed in 
making comparisons for the degree of similarity and agreement of the results 
of different investigations. The mean values for hemoglobin, obtained by dif- 
ferent investigators and presented in Table I, vary greatly though the greater 
number fall in the region of 14.5 to 15.5 Gm. per 100 ¢.c. of blood. Since vari- 
ous methods were used in making the hemoglobin determinations, it is possible 
that the variation in mean values obtained may be due to a great extent to the 
differences in methods employed. Where the technique and apparatus em- 
ployed have been quite uniform, as for instance in the enumeration of red 
blood cells, the results of the different investigations are more nearly alike. 
The greater number of red blood cell values summarized in Table I fall into the 
interval of 5 to 5.5 millions per eubie millimeter of blood. Our mean hemo- 
elobin value of 15.10 Gm, and mean number of red blood cells of 5.08 millions, 
therefore, fall in the regions which include the greater number of mean values 
reported for these blood elements. 

The mean values for the volume of packed red blood cells of healthy adult 
men reported in the literature vary markedly. This is undoubtedly due to a 
creat extent to differences in technique employed in the determinations. Other 
factors may also contribute to this difference in reported values. A number of 
recent workers ( Walters,’ Andresen and Mugrage,” and Mugrage and Andre- 
sent) have reported mean values of 48 and 49 per cent for cell volume. These 
values are exceptional, the greater number of investigators having reported 
values ranging from 44 to 46 per cent. Our mean values of 44.2 per cent for 
the volume of packed red blood cells, therefore, fall in the group of more fre 
quently reported values. 

The corpuscular constants have received only little consideration except 
in recent investigations. The mean values for mean corpuscular hemoglobin 
concentration tend to be nearly alike and fall in the interval 32 to 35 per cent 
Values for mean corpuscular hemoglobin are also in general agreement, and 
the greater number of mean values vary from 29 to 31 micromicrograms. 
Greater differences for mean corpuscular volume reported in the literature 
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occur and vary from 84 to 96 cubie microns. The same investigators who re- 
port high mean values for packed red blood cell volume have also reported 
high values for mean corpuscular volume. Our values of 34.7 per cent for mean 
corpuscular hemoglobin concentration, 29.2 micromicrograms for mean corpus- 
cular hemoglobin, and 86.5 cubie microns for mean corpuscular volume agree 
with the values reported by the greater number of investigators and with the 
values of 35 per cent, 29.5 micromicrograms, and 87 cubic microns originally 
suggested by Wintrobe." 
TABLE V 


MEAN VALUES, STATISTICAL CONSTANTS, AND RANGE OF VALUES FOR ENTIRE GROUP* 


STANDARD 





eee MEAN _ | STANDARD | ; 
BLOOD ELEMENT ERROR OF ea ‘ RANGE 
VALUE perane | DEVIATION 
rHE MEAN 
Hemoglobin in grams per 100° c.c. of 15.10 0.10 been 11.83 to 17.20 
blood 
Erythroeytes in millions per eubie mil 9.08 0.05 Ooo £23 to 5:94 
limeter of blood 
Volume of packed red = blood cells in $4.2 0.5 2.8 37.5 to 51.6 
cubie centimeters per 100) ee. oof 
blood. 
Mean corpuscular volume in cubie  mi- S65 0.8 7.9 thee ~torlds2 
erons 
Mean corpuscular hemoglobin in’ micro 29:2 0.2 2.2 23.1 -to.862 
micrograms 
Mean corpuscular hemoglobin concentra- 34.7 O.1S Lif 29.9 to 38.9 
tion in per cent 
Platelets in’ ten thousands per eubic 25.3 0.03 0.40 17.8 to 39.8 
millimeter of blood 
Leucocytes in thousands per cubic mil 7.06 0.14 1.56 {4 to 12.6 
limeter of blood 
Differential leucocyte count in per cent 
Neutrophiles 54.6 0.70 8.0 38.6 to 78.3 
Kosinophiles 2:93 0.23 ne | 0:0 to. 15:6 
Basophiles 0.57 0.04 0.48 0.0 to 2.3 
Lymphocytes 36.81 0.6 6.9 16.3 to 55.6 
Monocytes 5.08 0.13 1.47 1.6 to 9.3 


*All mean values determined for 137 persons, except for leucocytes and differential leu- 


coecyte counts, which are for 136 persons, and cell volume and corpuscular constants for 107 per- 


sons. 

The mean values reported for platelets may be divided into two groups, 
those obtained by the direct method and those obtained by the indirect method 
of enumeration. The mean values obtained by the two methods have been 
reviewed by Olef.’ In general, the values obtained by the first method are 
about half as great as those obtained by the second method, and range from 
250,000 to 300,000 per cubic millimeter of blood. We chose the direct method 
f enumerating platelets, and our mean value of 253,000 per cubic millimeter 
f blood compares well with the mean values obtained by this method by other 
nvestigators. 

The mean values for the normal number of white blood cells reported in 
he literature available to us, and summarized in Table I, vary from 5,618 to 
3.350 per cubic millimeter of blood. Our mean value of 7,067 falls well within 
he limits of these observed values. The mean values of 54.6 per cent for 
ieutrophiles, 2.93 per cent for eosinophiles, 0.57 per cent for basophiles, 36.81 
er cent for lymphocytes, and 5.08 per cent for monocytes obtained in this 
tudy compare closely to the mean values obtained by Osgood,® and Osgood 
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and co-workers.” ® They, however, differ from the values usually given in 
textbooks in that the mean values for neutrophiles are lower while the mean 
values for lymphocytes are higher than values commonly considered to be normal. 


SUMMARY 


Data are presented for the blood values of 137 healthy young men residing 


in the Hawaiian Islands, and ranging in age from 16 to 25 years. They were 
of 
Japanese. In this study, age or race differences were not found to oceur for 


several different races, the larger number being Caucasians, Chinese, and 


values for any of the various blood elements. The mean blood values obtained 
compared closely with those given by investigators in other parts of the world, 
and we have concluded that blood values for men in the Hawaiian Islands do 
not differ significantly from those of men residing elsewhere. The mean values, 
statistical constants, and range of observed values for the various blood ele- 
ments are summarized in Table V. 
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THE AGGLUTININ RESPONSE OF NORMAL PERSONS TO SKIN 
TESTS WITH BRUCELLERGEN AND BRUCELLA VACCINE* 


WintiiamM M. M. Kirpy, M.D... aNd LoweLi A. Ranrz, M.D. 
San FRANCISCO, CALIF. 


WO types of antigens are commonly employed in skin testing for brucel- 

losis. One, Huddleson’s brucellergen, contains the purified protein nucleate 
fraction of Brucella cells. The other, Brucella vaccine, is a suspension of heat- 
killed organisms in physiologic saline, and is also used for therapy. 

There is evidence that the intradermal injection of these substances stimu- 
lates the production of agglutinins. Giordano,’ Goldstein,? Heathman,* and 
Meyer and Eddie,* have noted positive agglutination tests following skin tests 
with heat-killed organisms. Wide variations are reported, however, in_ th 
maximum titers obtained. For example, Coldstein recorded titers as high as 
1:5,120, while the highest titer noted by Meyer was 1:80. Similar differences 
have occurred with brucellergen. Evans’ found titers as high as 1:320, while 
Huddleson® states that ‘‘one skin injection of brucellergen may give rise to 
Brucella agglutinins in a low titer in a small percentage of individuals. The 
agglutinins disappear in about sixty days.’’ 

Among the factors contributing to these variations are (1) individual differ 
ences in agglutinin response, (2) the size of the skin test dose, (3) the natur 
of the antigen used for the agglutination tests, and (4) the technique of read 
ing the agglutination tests. Sinee no single observer has studied both bruce! 
lergen and vaccine at the same time, it is difficult to draw conclusions as to thei 
relative ability to stimulate agglutinin production. 

Since this development of agglutinins may cause difficulty in interpretin: 
agglutination tests, it is the routine procedure in some c¢linies to take blood fo 
the agglutination test before the skin test is performed. However, since tli 
results have been variable, as described, and since there is considerable differen: 
of opinion concerning the relative merits of the skin and agglutination test 

*From the Department of Medicine, Stanford University School of Medicine, San Frat 


cisco. 
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there is no general agreement on this point. lor example, physicians using 
Huddleson’s brucellergen are advised that ‘‘the first proceedure to follow in 
arriving at a diagnosis is the performing of an intradermal test with brucel- 
lergen.’’ Thus, in a elinie where patients are usually seen after consulting one 
or more other physicians, we are constantly faced with the problem of inter- 
preting agglutination tests performed at intervals of several days to several 
weeks following skin tests, and it is of considerable importance to know as 
accurately as possible the effect of the skin test itself. 

Due to marked local and systemie reactions in sensitive individuals, the 
size of the skin test dose has been reduced in the past few years, both for 
brucellergen and for the heat-killed organisms. Keller’ has shown that the 
smaller doses of heat-killed organisms are equally as reliable as brucellergen for 
skin testing, and that reducing the size of the dose has abolished the more severe 
reactions previously noted. 

Our purpose in undertaking this study was to determine the agglutinin 
response to commercial produets commonly used at the present time, hoping we 
might, with these smaller doses, obtain information of value in interpreting 
agglutination tests performed on patients at varying intervals following skin 
tests. It also seemed of interest to compare the effects of vaccine and brucel- 
lergen, using the same antigen and the same technique in interpreting the tests. 


METHOD AND MATERIALS 


Kifty apparently normal, healthy adults, most of them members of the 
house staff of Stanford University Hospitals, volunteered for the study. All had 
negative Brucella agelutinations before being skin tested. One-half were given 
0.1 ¢e. of Huddleson’s brucellergen 1:12,000, obtained from the Department 
of Bacteriology of the Michigan State College, and the other one-half were 
given 0.1 ¢@.c. of the commercial Brucella vaccine, prepared by the Lederle 
Laboratories, diluted so that 0.1 ¢.c. contained forty million heat-killed organ- 
isms. The skin tests were read after forty-eight hours, an area of induration 
and edema of 5 mm. or more being considered positive. Agelutination tests were 
performed during the second and fourth weeks following the skin tests. 

The antigen was prepared from Br, abortus strain 19, from which con- 
taminants and rough variants were carefully excluded. A forty-eight-hour 
erowth of the organisms was suspended in 0.5 per cent phenolized saline, and 
diluted to a density corresponding to approximately 4 em. on the Gates ap- 
paratus. In pervorming the tube agglutination tests, serial dilutions of the 
serum, from 1:10 to 1:160, were added to constant amounts of the antigen. 
The tests were read after twelve hours’ incubation at 37° C., and again after 
sianding at room temperature for twenty-four hours. Tubes not showing a per- 
f-etly elear supernatant solution, with good clumping in the bottom, were re- 
curded as negative. Tube agglutination tests were also performed on many sera 
vith the stock antigen, prepared by the United States Department of Agricul- 
ture, as a check on the sensitivity of our own antigen. Finally, rapid slide 
avglutination tests were performed, using commercial Br. abortus febrile antigen, 
pvepared by the Lederle Laboratories. The dilutions ranged from 1:20 to 1:160. 
T \ese were read after standing ten minutes. 
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RESULTS 

The results are presented in the accompanying tables. Individual skin and 
agglutination tests are recorded in Tables I and II, while Table III is a com- 
parison of the results obtained with the two antigens. For convenience, Tables 
[ and II are arranged in the following order: positive skin and agglutination 
tests, negative skin and positive agglutination tests, positive skin and negative 
agglutination tests, and negative skin and negative agglutination tests. 


TABLE I 


RESULTS IN PERSONS SKIN TESTED WITH BRUCELLERGEN 





AGGLUTINATION TEST AGGLUTINATION TEST 
SECOND WEEK AFTER FOURTH WEEK AFTER 
NUMBER SKIN TEST SKIN TEST SKIN TEST 

SLID rUBI SLIDE TUBI 
l 0 1:10 0) 1210 
yd 1:40 1:40 1:20 1:20 
3 1:80 1:40 1:40 1:40 
} () 1:20 1:20 1:20 
5 } 1:20 1:20 1:20 L220 
6 i) 0 0 1:20 
'f 1220 1:40 1:40 1:40 
8 0) 1:10 1:20 L220 
9 1:80 1:80 1:40 1:40 
10 1:20 1:40 1:40 1:40 
11 1:S0 1:S0 1:40 1:S0 
12 1:40 1:40 1:40 1:40 
13 i] 1:20 i P20 

14-15 } () 0 0 0 

16-25 0 0 0 0 

TABLE I] 
RESULTS OF PERSONS SKIN TESTED WITH BRUCELLA VACCINE 
AGGLUTINATION TEST AGGLUTINATION TEST 
SECOND WEEK AFTER FOURTH WEEK AFTER 
NUMBER SKIN TEST SKIN TEST SKIN TEST 

SLIDE TUBE SLIDE TUBE 
| 0 1:20 1:20 1:20 
9 0 1:10 0) 1:10 
5 1:80 1:S0 1:80 1:40 
} 1:40 1:40 1:20 L220 
5 1:20 1:20 1:20 1:20 
6 1:40 1:40 1:40 1:20 

7 - 0 1:10 0) 0 
8 - 1:20 1:20 1:20 1:20 
g - 0 1:10 0 1:10 
10 . 1:20 1:20 0 1:10 
1] - 0) 1:10 0 1:20 
12 - 1:40 1:40 1:40 1:40 

13 4 0 0 0 0 


14-25 a 0 0 0 0 


Eleven of the group tested with brucellergen and 7 of the vaccine grou 
developed positive intradermal reactions. Five of the former and three of th 
latter developed red streaks up the arm, with swollen, painful axillary nodes 
General malaise, chills, and fever occurred in two instances. In spite of thes 
strongly positive reactions no local tissue necrosis resulted. A mild secondar 
infection of the skin developed in one instance. The local induration and edem 
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tended to be firmer and deeper following vaccine than following brucellergen, 
and persisted almost a month in two eases. 
In each group about one-half of the persons failed to develop agglutinins. 
In the others the titers were uniformly low. The maximum of 1:80 was at- 
tained in only four instances. All but three with positive skin tests developed 
agglutinins. Of those with negative intradermal reactions, four in the brucel- 
lergen and six in the vaccine group also developed agglutinins, and the titers 
were equally as high as in those in whom the skin test was positive. From Table 
III it is apparent that there was very little, if any, difference in the response to 
the two skin test antigens. 
TABLE III 
RESULTS GROUPED ACCORDING TO THE MAXIMUM TITERS ATTAINED 


NUMBER OF 
SKIN TEST 


ANTIGEN |} POSITIVE SKIN 0 L=10 1:20 1:40 1:80 
TESTS 
Brucellergen | 1] | 1] 2 5) } 3 
| | 
Brucella» 7 13 3 5 3 1 


Vaccine 


DISCUSSION 


The high incidence (86 per cent) of positive intradermal reactions found in 
this study cannot, of course, be considered representative of the population as a 
whole, since only 50 persons were skin tested. However, it does serve to empha- 
size the point that healthy, active adults, who have never had symptoms of 
brucellosis, may have strongly positive skin tests. It does not seem presumptuous 
to state that several of these persons, if possessed with mild neurasthenie symp- 
toms, would be regarded in certain cireles as cases of chronic brucellosis. With 
the present enthusiasm for this disease, there is a tendeney to forget that more 
than a positive skin test is necessary to make a diagnosis of active Brucella 
infection. 

The agglutinin titers were consistently low. In one-half of the group none 
developed, and only a few were as high as 1:80. There was no apparent cor- 
relation between positive skin tests and agglutinin production, for a significant 
number developed agglutinins following negative skin tests, and the titers were 
as high as in those in whom the intradermal reaction was positive. I’'rom a com- 
parative standpoint it ean be said that the response to the two skin test antigens 
is almost identical. 

From these results it would appear that titers above 1:80 can be regarded 
as due to contact with Brucella other than that of the skin test. Since only 
titers above 1:80 are usually regarded as indicative of active infection, the effect 
f the skin test ean be disregarded entirely. Using a carefully prepared antigen 
ind a standardized technique for reading the agglutination tests, we feel con- 
siderable confidence in this point of view. 

As has been reported by others,® the titers obtained with the rapid slide 

est and with the macroscopie tube test were in close agreement. For many pur- 
ioses the slide test, which is very simple to perform, would seem a satisfactory 
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diagnostic method. The possibility that our own tube antigen is relatively in- 
sensitive is precluded by the close agreement in agglutination titers obtained 
with the rapid slide method and with the stock antigen of the United States 
Department of Agriculture. 

Several patients with low-grade fevers have reacted similarly to the ‘‘nor- 
mal’’ persons described above. However, in two patients with acute febrile 
illnesses, both of whom had temperatures of above 40° C., agglutinin titers of 
1:320 developed two weeks following skin tests. The intradermal reaction 
Was positive in one and negative in the other. This excess rise in agglutinin 
titers, associated with fever, is well known and must be borne in mind in the 
interpretation of all agglutination tests. 

The patients that present the greatest diagnostic problems are those with 
little or no fever, but with symptoms suggestive of chronic brucellosis. We 
can say with considerable assurance that in them the skin test will not influence 
the interpretation of the agglutination test. Where the blood culture is negative, 
and a eareful correlation of the other laboratory procedures with the ¢linical 
picture is essential, it is of considerable practical aid to have such a eriterion 
in dealing with patients who have been previously skin tested. 


SUMMARY AND CONCLUSIONS 


1. The agglutinin response of apparently healthy adults to the two com- 
monly used types of Brucella skin-testing antigens has been studied, since this 
is a possible source of confusion in the clinical interpretation of the agglutination 
test. Commercial products, Lederle’s Brucella vaccine and Huddleson’s brucel- 
lergen, were used for the skin tests, to make the results of more practical value. 

2. Positive intradermal reactions were present in 36 per cent of the 50 per- 
sons studied. 

3. Approximately one-half of those skin tested failed to develop agglutinins, 
and in the others the titers were low, the maximum being 1:80, 

4. There was little, if any, difference in response to the two antigens, and 
there was no correlation between positive skin tests and agglutinin production. 

’. The practical significance of these results is discussed, and it is suggested 
that, except when high fevers are present, the agglutinin response to Brucella 
skin tests need not cause confusion in the interpretation of the agglutination 
tests. 
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OBSERVATIONS ON THE ELECTROCARDIOGRAM IN EPILEPSY AND 
COMPARISON WITH ELECTROCARDIOGRAM IN SEIZURES 
FOLLOWING CONVULSANT DRUG THERAPY* 


THOMAS ZISKIN, M.D., AND ALEXANDER G. Dumas, M.D. 
MINNEAPOLIS, MINN. 


HE introduction of convulsive drugs into the treatment of mental disease 

has stimulated interest in the study of the physiologic changes associated 
with the seizures resulting from the use of these drugs, and also in the study of 
changes associated with convulsive seizures in general. 

Bellet, Freed, and Dwyer' noted the electroecardiographie alterations during 
d8 shock treatments on 40 different patients during the hypoglycemic shock 
treatment of schizophrenia. In two-thirds of the shock treatments noteworthy 
electrocardiographic changes were obtained. These consisted of depression ot 
the S-T segments, diminution of the height of the T wave, prolongation of the 
Q)-T interval, auricular fibrillation, extrasystoles, shifting pacemaker, sinus 
arrhythmia, and sinoauricular heart bloek. 

Orenstein? observed 15 schizophrenic patients treated with metrazol con- 
vulsions. Electrocardiographie changes varying according to the severity of 
the convulsions were noted following the convulsions. After a mild seizure there 
were a rapid rate, T-wave elevation, depression of S-T segment, and arrhythmia. 
After a severe convulsion he found in addition, sinus arrest, shifting of the 
pacemaker, auricular and ventricular premature contractions, coupling of beats, 
nodal eseape, and rarely a marked bradyveardia. 

Messinger and Moros* studied the electrocardiographic findings in patients 
before and immediately after metrazol convulsions. In no instanee did they 
find any significant deflection of the S-T interval. In 3 of 10 cases they found 
a slightly diminished amplitude of the T waves, and in 7 others a slightly in- 
creased amplitude of the T waves. 

Levine, Piltz, and Reznikoft* also studied the effects on the electrocardiogram 
of metrazol shock therapy and found no significant changes. In one patient they 
found inversion of the T wave in Leads II and IIT after the seizures. Since they 
believed this to be due to anoxemia, they gave the patient 100 per cent oxygen 
by inhalation for fifteen minutes. Thirty minutes later an electrocardiogram 
was taken; it recorded that most of the T waves in Leads II and III were up- 
right. 

| *From the Veterans Administration Facility, Minneapolis. 
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Lennox and Cobb® obtained electrocardiographie records of patients during 
petit mal and myoclonic seizures, and in these instances neither the rhythm nor 
the amplitude of the waves was appreciably affected. 

Erickson,® in a clinical study of changes in the circulatory system during 
or immediately preceding an attack of epilepsy, observed the electrocardiographie 
picture also. In most cases only one lead of the electrocardiogram was taken in 
order to avoid picking up too many electrical effects from the muscles during 
the convulsion. He used a direct chest lead, one electrode being placed over the 
manubrium sterni just below the sternal notch and the other just below the 
point at which the apex beat of the heart was palpated. He obtained satisfac- 
tory electrocardiographie tracings during 54 epileptic seizures of various types 
in 17 different patients. In none of the 54 attacks observed was there any drop- 
ping out of the QRS interval of the electrocardiogram, The T wave was un- 
changed in all but 4 patients. In 4 the T wave beeame biphasic or flattened at 
the end of the attacks. 

Winternitz’ observed a patient in status epilepticus, and for several days 
after the occurrence he noted changes in the electroecardiogram, a long R-T 
segment. 


NEW DATA 


The present study concerns mainly the electrocardiographie findings in a 
group of 20 epilepties observed at the Minnesota State Colony for Epilepties at 
Cambridge, Minn. Electrocardiograms were taken before seizures, during 
seizures, and at various intervals after seizures. Three standard leads and 
Lead IVF, as adopted by the American Heart Association, were taken on each 
patient. Thirty-eight electrocardiograms were taken in this series. The age 
of the patients varied from 13 years to 45 vears. There was neither history nor 
clinical signs of heart disease in any of them. 

Diminished amplitude of the T waves and increased depth of the T wave, 
where the T wave was normally inverted, were noted in practically every in- 
stance after the seizures. Other significant changes were observed in 5 of 12 
patients in whom comparative electrocardiograms were made during seizures and 
in the period of remission. These changes consisted of variations of the electrical 
axis, changes in rhythm, various degrees of auriculoventricular block, disloea- 
tion of the pacemaker, and inversion of the T waves. Some of these changes 
were noted immediately after the seizures, and others for periods as long as 
four and one-half hours after a seizure. In one patient a tracing taken im- 
mediately after the termination of a convulsive seizure showed a negative T 
wave, whereas a positive T wave was noted immediately preceding the seizure. 
Another patient showed a change of electrical axis to right axis deviation, 
ventricular extrasystoles, and negative T waves in Leads I and IV after the 
seizure, and a normal electrocardiogram during the period of remission. A de- 
tailed description of the significant electrocardiographie findings is given in 
Table I. 

A comparison of the electrocardiographie findings we observed following 
epileptic seizures, with those noted by other workers following convulsive seizures 






































ZISKIN-DUMAS: ELECTROCARDIOGRAM IN EPILEPSY 1251 


induced by insulin shock and metrazol therapy of schizophrenia, reveals the fact 
that the changes are similar in character in each instance. This would lead 
us to believe that the physiologic changes preceding the convulsion and during 
the convulsive seizures are the same whether the convulsions are the result of 
insulin shock, metrazol, or epilepsy. Also in epileptic seizures there is an in- 
trinsic factor which acts on the cerebral circulation and the cardiovascular 
circulation in general, in a manner similar to the extrinsie factors, insulin, and 
metrazol in their respective convulsive seizures. 


TABLE I 


TIME OF TIME OF INTER- 





NAME | AGE | SEX | DATI : | EKG FINDINGS 
| SEIZURE | EKG VAL | 
BJ. | JO) Fo o17 am. 8 a.m. | 12/11739) 1:15 p.m.} 2 hr. |T wave diminished in height 
10:45 A.M. | 30 min. | 
None 1/ 8/40/10:25 a.m. | Negative 
M. Sw. | 38 EH 19). Ape. 12/11/39] 1:28 p.m.| 4 hr. |Slight T wave changes. Var- 
28 min.| iations in height of R 
| | in Lead IV 
| None 1/ 8/40} 1:45 p.M. | | Negative 
G.U. | 16 | F js a.m. 8:30 a.m.) 12/11/39/11:20 a.w.| 2 hr. | Ventricular extrasystoles: 
50 min. right axis deviation. Neg- 
| ative T wave in Leads I 
| | | and IV 
| | None 1/ 8/40)11:30 A.M. | Negative 
M.St. | 19 | F {6 a.M.-7:30 p.m. | 12/11/39}11:00 a.w.|None Diminished height R= and 
(28 seizures ) T waves. Wandering pace 
maker. Negative T wave 
| | in Lead ILL during seizure 
| 
| | 5 | 
| ROUC RN, Increased height of R and 
| | | ‘'T waves 
None 1/ 8/40)11:20 a.m. Negative 
bo 122 1F |6 a.m.-8 p.m. 12/11/39/11:40 a.m.|None Diminished height R= and 
(10 seizures ) T waves. Increased depth 
T wave during seizure 
1/ 8/40}/11:10 a.m. | Negative 
Cane | 2] F |2:50 P.M. 12/11/39] 3:10 p.mM./20 min. |T wave changes. Ventricu- 
| lar extrasystoles 
None | 1/ 8/40] 1:50 P.M. | Negative 


| | | 
0/22/59/11:30 A.M./30 min. | Delayed auriculoventricular 
| | | conduction with variable 


| | P-R interval (ventricular 


| 
V.D; | 45 M /11:00 A.M. 
| 


_ P 7 ; escape ) 
None 0/25/39 | Negative 


POSSIBLE CAUSES OF EKG CHANGES 


Clinical observation and experimental research by many observers have 
shown that electrocardiographie changes similar to those observed following 
‘onvulsive seizures are an indication of myocardial ischemia or anoxemia of the 
‘eart muscle. 

Kountz and Gruber® produced anoxemia in animals, and when the oxygen 
aturation fell below 50 per cent, electrocardiographie changes similar to those 
bserved clinically in coronary occlusion were found. Release of the animals 


rom the anoxemie state caused the electrocardiogram to return to normal. They 
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also produced pictures similar to anoxemia by the injection of pitressin, the 
primary action of which is vasoconstriction. The electrocardiographie changes 
in these instances could be made to disappear by the use of vasodilators, such 
as sodium nitrite. Milles and Smith® produced similar changes by the intra- 
venous Injection of epinephrine. It may be assumed, therefore, that the electro- 
eardiographie changes seen following convulsive seizures from insulin shoek, 
metrazol, and epilepsy are due to myocardial ischemia or anoxemia of the heart 
muscle. 





Fig. 1.—EKG Lead III showing T-wave changes after seizures. A, (12/11/39) 11:00 A.M. 
—one-half hour after seizure. B, 11:20 A.M. During seizure. C, 1:50 P.M. two and one-half 
hours after seizure. D, Control (1/8/40). No seizures. 

Fig. 2.—EKG Lead III showing T-wave changes after seizures (12/11/39). A, 11:40 A.M 


—one hour after seizure. B,11:45 A.M. During seizure. C, 1:45 p.M.—two hours after seizure. 
D, Control (1/8/40). No seizures, 


Bellet, Freed, and Dwyer' believe that in insulin shock therapy the lack of 
available carbohydrates and the increased work of the heart during hypoglycemic 
shock of long duration suggest that anoxemia may be a factor in producing the 
cardiac effects. They base their conclusions on previous investigations whiel 
have shown that lowering of the blood sugar reduces the oxygen consumption 01 
the brain; also that the profound changes which occur in cerebral metabolism 
during hypoglycemia and the resultant coma may indirectly affeet the heart. 
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Messinger and Moros® formulate an hypothesis to account for the diverse 
eardiovascular changes they noted in their study of the effects of insulin and 





metrazol in these eases. They are of the opinion that persons differ in their 
response to various types of stimuli, and particularly in the degree of their 
response to drugs of the sympathetic-adrenal type. It is now recognized that 
the prolonged administration of insulin (as in shock treatment) may induce an 
altered state of reactivity of the svmpathetic system primarily in the direction 
of an inereased sensitivity of response to adrenalin and sympathetie-mimetie 





peeeeeges 
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Fig. 3.—EKG showing delayed auriculo-ventricular conduction with variable P-R interval. 
A, Control (5/25/39). Normal tracing. 3B, Thirty minutes after seizure (5/22/39) showing de- 
layed auriculoventricular conduction with variable P-R interval, simulating ventricular escape. 





Fig. 4.—EKG showing wandering pacemaker after a_ seizure. A, Control (1/8/40). 
Normal tracing. B, After several seizures (12/11/39) showing variable P waves, indicating a 
wandering pacemaker. 
drugs. Also metrazol may produce transitory effects which are typical of a 
mild hyperadrenalemia. That adrenalin may cause heart changes has been 
shown by the work of Milles and Smith’ and others. These observers showed 
hat electrocardiographie changes similar to those occurring in convulsive 
seizures could be produced by the intravenous injection of adrenalin, 

Levine, Piltz, and Reznikoff,t contending that anoxemia might aecount for 
he electrocardiographic changes seen after metrazol therapy, gave their pa- 


ient, who showed an inverted T, and T, after metrazol convulsions, 100 per cent 
? - te) 
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oxygen by inhalation for fifteen minutes. Thirty minutes later the electro- 
cardiogram revealed that most of the T waves in Leads IT and III were up- 
right. 

In the study of chemical and physiologie conditions, which may be con- 
tributing factors to epileptic seizures, four major conditions are usually given ; 
namely, acid-base balance, fluid balanee, oxygenation, and circulation. That 
these factors may be interrelated and responsible for cardiovascular changes in 
epilepsy, as depicted by the electrocardiogram, may be assumed from our ob- 
servations on this group of patients which we studied. 

Reduction of alkalinity and induction of acidosis, either by fasting, physical 
exercise, or the ketogenie¢ diet, is known to precipitate seizures. 

McBroom,'’ in collaboration with Hirschfelder and Haury,'' made a study 
of blood potassium in epilepsy. They found a gradual inerease in the potas- 
sium up to the time of seizure, followed by a drop immediately after the seizure. 

Moglia'* studied the effects of adrenalin on the potassium in the plasma. 
He injected adrenalin intravenously into chloralosed dogs at a constant rate for 
fifteen minutes. A dose of 5 gamma per kilogram per minute produced an initial 
increase of plasma potassium, lasting from five to ten minutes, followed by a 
prolonged decrease. A dose of 0.5 and 0.25 gamma produced a prolonged de- 
crease without the initial increase. The larger doses were similar to the amounts 
secreted by the adrenals in states of emergency; the smaller ones were similar 
to the physiologic amounts of adrenalin and sympathin. 

Thomson'® studied the effeet of potassium on the heart by giving potassium 
chloride and citrate in doses varying from 3 to 80 Gm. daily to 24 patients with 
various diseases, and observed the effects on the eleetrocardiogram. In 14 pa- 
tients there was an inereased height in the T waves in one or more leads after 
giving the potassium. The average increase in the level of the serum potassium 
was 8.3 mg. per 100 ¢.¢., as compared with 2.6 mg. per 100 ¢.c. in the patients who 
showed no such change. In one patient the T wave became more diphasie. In 
two patients definite degrees of heart block were produced. In one there was 
prolongation of the P-R interval. Other changes also were noted. Thomson 
advances the hypothesis that these changes may be mediated through the action 
of the potassium ion on the myocardium because of the similarity of these 
changes to those produced by vagal stimulation, by acetylcholine, and by pitres- 
sin. 

Changes in the cerebral circulation and also in the general circulation, prob- 
ably resulting from this vasoconstrictor effect, have been shown by many ob- 
servers. Penfield'* reported the cessation of cerebral pulsations during con- 
vulsions occurring when the brain was exposed by craniotomy. 

Olkon'® studied the microscopic vascular changes in the brain, internal 
viscera, and skin of living animals in relation to convulsions. Following con- 
vulsions induced by the injection of excitant drugs, capillary changes were in- 
variably found in the pia-arachnoid, skin, and internal organs. These consisted 
of twisting, irregularity, and deformity, and a sluggishness in the circulating 
cells within their lumen, 
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Denyssen and Watterson'® also are of the opinion that a vasoconstrictor 
effect is responsible for the convulsions. They gave vasodepressor drugs, such 
as amyl nitrite, sodium nitrite, and histamin, prior to the administration of eon- 


vulsive doses of metrazol, No fits occurred. 
CONCLUSIONS 


The electrocardiographie findings which we have observed during and after 
epileptic seizures tend to show that cardiovascular changes occur following 
epileptic seizures, and that these changes are part of circulatory changes through- 
out the body. As a result of this, and from the experimental and elinical ob- 
servations of other workers, the supposition is made that the epileptic seizures 
are due to a cerebral anoxemia resulting from an ischemia of the brain follow- 
ing vasoconstriction. This is probably the result of an electrochemical change 
and adrenalin-like action on the cerebral vessels. 

After comparing our findings with those of other workers who studied the 
electrocardiographic changes following seizures after convulsant drug therapy, 
we econelude that the physiologic changes during and after convulsive seizures 
from execitant drugs are the same as those due to epilepsy; also that the extrinsie 
faetors, such as insulin shock and metrazol, probably produce a similar adrenalin- 
like reaction as the intrinsie factor which brings on the cerebral ischemia and 
anoxemia in epileptic seizures. 


We wish to thank Dr. D. E. McBroom, Superintendent, Minnesota Colony for Epileptics, 
ind his associates for the opportunity to observe the patients at the institution and for their 
valuable cooperation and assistance in making this study possible. 


REFERENCES 


1. Bellet, Samuel, Freed, Herbert, and Dwyer, W. W.: The Electrocardiogram During 
Insulin Shock Treatment of Schizophrenia and Other Psychoses, Am. J. M. Se. 
198: 533, 1939. 
2. Orenstein, Leo L.: Physiologie Observations Following Induced Convulsions, New 
York State J. Med. 39: 1921, 1939. 
3. Messinger, E., and Moros, N.: Cardiovascular Effects of Large Doses of Metrazol as 
Employed in the Treatment of Schizophrenia, Ann. Int. Med. 13: 1184, 1940. 
1. Levine, Harold, Piltz, George F., and Reznikoff, Leon: Electrocardiographie Studies 
in Metrazol Shock Therapy, Am. J. M. Se. 199: 201, 1940. 
5. Lennox, William G., and Cobb, Stanley: Epilepsy From the Standpoint of Physiology 
and Treatment, Medicine 7: 108, 1928. 
6. Erickson, Theodore C.: Cardiae Activity During Epileptic Seizures, Arch. Neurol. & 
Psychiat. 41: 511, 1939. 
7. Winternitz, M.: Myokardnekrose nach Status epilepticus, Med. Klin. 29: 1080, 1933. 
8. Kountz, W. B., and Gruber, C. M.: Proce. Soc. Exper. Biol. & Med. 27: 170, 1929. 
, Milles, M., and Smith, P. W.: Effects of Epinephrine on the Heart, Am. Heart J. 
14: 198, 1937. 
MeBroom, D. K.: Personal communication, 
Hirschfelder, Arthur D., and Haury, Victor G.: Variations in Magnesium and Potas- 
sium Associated With Essential Epilepsy, Arch. Neurol. & Psychiat. 40: 66, 1938. 
Mogha, J. L.: The Effect of Adrenalin on Potassium in Plasma, Rev. Soe. argent. de 
biol. 15: 5, 1939. 
» Thomson, W. A. R.: The Effect of Potassium on the Heart in Man, Brit. Heart J. 1: 
269, 1939. 
Penfield, W.: The Evidence for a Cerebral Vascular Mechanism in Epilepsy, Ann. Int. 
Med. 7: 303, 1933, 
. Olkon, D. M.: Epilepsy and the Convulsive State, Association for Research and Mental 
Disease, Baltimore, 1931, Williams & Wilkins Co., Vol. 7. 
Denyssen, J. A. F., and Watterson, D. J.: On Mechanism of Cardiazol Convulsion, 
J. Ment. Sc. 84: 1002, 1938. 




































































PERIPHERAL NERVES IN CHRONIC ATROPHIC ARTHRITIS* 
Huco A. Freunp, A.B., M.D., Gaprie, Sterner, M.D., 
Bruno LeicuTrentritrr, M.D... ANp AtviIn KE. Price, A.B., M.D. 
Derrrorr, Micn. 


eee obvious fact that chronie atrophie arthritis is not solely a joint disease, 
but one in which many systems of the body are involved, has caused us to 
undertake a more detailed investigation of the entire organism. We have begun 
with a re-examimation of all the pathologic changes. Recently, the muscles and 
valves of the heart have been examined and noteworthy findings have been re- 





ported. Beeause of the nature of the pains, trophic conditions, vasomotor 
alterations, and heightened reflexes, a more detailed study of the peripheral] 
nerves and sympathetic chains were undertaken. In earlier studies only the 


brains and spinal cords were examined; no specific or characteristic lesions 


were found. 





Fig. 1.—A longitudinally cut section through a femoral nerve of a patient with sever 
chronic atrophic arthritis, X9. The arrows indicate the perineural or interfasciclar location of 
the nodules. 

In our present study, covering the past two and one-half years, hithert: 
undescribed pathologic changes involving the peripheral nervous system hav 
been found. These are recorded here briefly ; a more detailed report will follow 

The brains of 11 patients with definite chronic atrophie (rheumatoid 
arthritis and the peripheral nerves in five of the patients were examined. The 
were no specific changes in the central nervous system; however, in two of fiy 
cases of chronic atrophic arthritis characteristic and severe pathologie lesion 


*From the Eloise Hospital and Wayne University College of Medicine, De‘roit. 
This work was done under a grant from the Children’s Fund of Michigan. 
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Fig. 2.—A and B represent the same nodule in two different magnifications, K150 and 
50, respectively. Three distinct zones, the inner necrotic zone, the intermediate zone of 
liferating mesenchymal cells, and the peripheral lymphocytic zone, are clearly shown. The 
ermediate zone in this nodule is somewhat smaller than usual, 
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were found in peripheral nerve trunks (sciatic, femoral, brachial plexus). In 
one case the lesion in the peripheral nerves was somewhat milder, and in the 
last two cases the changes were only slight. The characteristic findings were 
represented by sharply circumscribed nodules of round or oval shape. The nodules 
are not seen grossly in unstained specimens. However, they can be seen with 
the naked eye in stained slides. Fig. 1 represents a longitudinally cut part of 
a peripheral nerve magnified nine times to show the distribution of the nodules in 
a peripheral nerve. The nodules are located in the perineurium and are less 
common in the epineurium; they are never found in the endoneurium of the 
peripheral nerves. The size of a single nodule varies. Serial sections through a 
single nodule show an involvement 0.14 to 0.2 mm. in diameter. The nodules 
are often found in groups of three or four in the same longitudinally cut see- 
tion. Histologically, each nodule consists of two or three zones: a central zone 
of necrosis which may or may not be present, an intermediate zone of proliferat- 
ing mesenchymal cells, and a peripheral ringlike zone of inflammation with 
lymphocytes and plasma cells. The cells in the intermediate zone are of the so- 
called epithelioid type. They are polyhedral and have large elongated irregular 
nuclei, poor in chromatin. Clear cell outlines are usually not demonstrable. 
Fig. 2 A and B are photomicrographs, x175 and x550, respectively. The three 
zones of the nodule are clearly seen. Conglomeration into larger areas is never 
found. This finding has to be classified as ‘‘rheumarthritie nodulous perineu- 
ritis.’’ The specificity of this change has been confirmed by examination of 
peripheral nerves from 86 control cases which were examined without knowledge 
of the clinical history or the findings at autopsy. Six cases showed pathologic 
changes in the peripheral nerves. In one case with the finding of perineuritic 
nodules the clinical history revealed that the patient had chronic atrophic 
arthritis for many years. Recently in continuing our control examination, a 
new case with perineuritie nodules in peripheral nerves was found. This was 
an 80-year-old female with old rheumatic heart disease (clinically diagnosed as 
rheumatoid arthritis). The pathologic changes in the five nonarthritie contro! 
cases (one of Buerger’s disease, two of dermatomyositis, one of postencephalitic 
parkinsonism, one of carcinomatous infiltrations of the epineurium) differed dis 
tinctly from the perineuritic changes in chronic atrophic arthritis. We eon 
sider rheumarthritie nodulous perineuritis a specific active inflammatory process 
concomitant and parallel with other rheumatie pathologie features in chronic 
atrophie arthritis, such as rheumatic heart disease, subcutaneous nodules, and 
synovial inflammation and proliferation. 
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STUDIES EMPHASIZING STRAIN VARIATION 
IN SEROLOGIC TESTING* 


BRUCELLOSIS: 


KRED KE. ANGLE, M.D., Wituiam H. AuGir, M.D., AND 
DorotHy Morcan, A.B., Kansas City, KAn. 


HE purpose of this study is to explain the wide variation in agglutination 

titer and opsonocytophagie activity which we have observed from various 
laboratories. In many eases the difference in results were too great to be ae- 
counted for as technical variations. To illustrate, a state laboratory reported a 
negative Brucella agglutination titer on the same serum which we were able to 
demonstrate a positive titer of 1:640 with three commercial antigens. In an- 
other instance, the laboratory using a single strain of the Brucella reported 69 
per cent of polymorphonuclear neutrophiles showing marked phagocytosis. One 
week later we did not find marked phagocytosis in any of the cells. Therefore, 
we outlined a plan to investigate the agglutination titer and cytophagie activity 
when the tests were performed by the same technician with 20 different strains. 

In this study we selected 34 patients from private practice. From all, blood 
serum had yielded positive agglutination tests either in our laboratory or in 
other laboratories. The antigens were prepared from 20 smooth strains of 
the Brucella obtained from the universities of Michigan, Minnesota, Illinois, 
Wisconsin, and the Public Health Laboratory in Washington. <All strains were 
negative to thermoagglutination and dye agglutination before and after the 
experiment. All strains were injected into guinea pigs. [Fourteen strains pro- 
dueed death, 8 of which showed gross Brucella lesions and 6 of which produced 
microscopic changes only. The other 6 showed evidence of disease by loss of 
weight, roughening of hair, comparatively low white blood cell counts and main- 
tenance of high agglutinin titers. All strains were determined to react with 
known positive and negative bloods. 

Opsonocytophagic Tests—Suspensions were prepared from forty-eight- 
hour eultures of Brucella organisms in saline with pH 7.02 to 7.1. Turbidity 
was adjusted to McFarland nephelometer No. 25. Five cubie centimeters of 
blood were collected in sterile tubes that had been filled with the proper amount 

‘ eitrate to give a final concentration of 0.8 per cent and marked to the level 
» which the blood should be added. All tests were completed within four hours 
alter the blood was collected. Performance of the test was that described by 
\luddleson,' except that smears were made by the cover slip method since this 
ethod, in our opinion, is superior to the slide method in that less mechanical 
jury to the cells is induced when blood spreads by eapillarity rather than by 

*From the Hixon Laboratory for Medical Research, University of Kansas, by the Boylan 

sundation. 
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actual smearing. Smears were stained with Hasting’s stain. One hundred 
cells were counted; the findings are, therefore, expressed as percentage of cells 
which showed marked, moderate, weak, and negative evtophagie activity. 
Agglutination Test—Strain antigens were prepared by washing a seventy- 
two-hour culture of Brucella from liver infusion slants with saline containing 
0.5 per cent phenol. The suspensions were strained, centrifuged, and resus- 
pended. The stock antigens were stored as concentrated suspensions. The dilu- 
tion was adjusted to MeFarland nephelometer No. 1.5 for each antigen, recorded, 
and made up as needed: Twenty cubie centimeters of patient’s blood were 
collected in a chemically clean tube, rimmed, and centrifuged. The serum was 


until the agelutination series could be run within 


removed and stored at 7° C 


the next two days. 


Tube 1 2 3 4 5 6 


Antigen 1.8 cc. lcc. lec lcc. lcc. lec 


Serum cc P DD FF 
© sod ane Sis ‘ae Wiens a 
Dilution 1:10 1:20 1:40 1:80 1:160 1 320 etc 


Fig. 1 
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Chart 1.—Range of variation of opsonocytophagic 
f Brucella. 


LeBlane method, in 34 patients with brucellosis when tested with 20 strains of 
To prevent numerous pipettings, the agglutination test was performed 
as shown in Fig. 1. The method is more accurate by reason of fewer operations 
in pipetting small amounts, and is a timesaver as well. The tests were in 
cubated at 37° C. in a hot-air incubator for twelve hours and allowed to stand 
at refrigerator temperatures for twenty-four hours, after which readings wer 
made. The titer was read from the last serum dilution showing complete 
agglutination, that is, the supernatant fluid completely clear with the bacteria 


completely sedimented in clumps. 
EXPERIMENTAL RESULTS 


Charts 1 and 2 reeord our results. Chart 1 represents the correlation of re 
sults of the opsonocytophagie tests caleulated by the Foshay-LeBlane method, 
the final results being obtained by subtracting the minimum index from thi 
maximum index to determine the variation when each serum was set up agains‘ 
20 strains of Brucella simultaneously. 
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Chart 2 shows the correlation of agglutination titers demonstrating the 
variation in agelutinins by subtracting the minimum titer from the maximum 
titer in terms of number of tubes apart in the test set-up. 


Tx 
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Chart 2.—Variation in agglutinin titers of patients with brucellosis tested with 
20 strains of Brucella. 
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‘hart 3.—Agglutination series on a single patient (EM-26), showing marked variation of 
glutination titers when tested with 20 strains of Brucella. 


It is observed from the studies that there is wide fluctuation in the majority 
f instances. 


When there was little variation, as in the patients 17, 31, 32 
n Chart 1, their actual opsonoeytophagie activity was almost negative; similarly, 
vhen the records of patients 3, 9, 17, 18, 25, 31, 32 in Chart 2 are examined, 
heir agglutination titers were negative throughout. When there was only a 
ifference of one tube, probably not outside the range of individual variation, the 


iters were either very low (1:10) or very high (1:2,560 to 1:5,120 and 1:1,280 
0 1:2,560). In the analysis of Chart 2 a variation is noted in the study of the 
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agglutination reaction, the widest being from no agglutination to complete ag- 
elutination in a dilution of 640 in the ease of EM-26. This is shown graphically 
in Chart 3. The range of agglutination is from 0 to 1:640. Ten strains were 
agglutinated in a dilution of 1:160 or above. Eight strains were not agelu- 
tinated. 

DISCUSSION 


It will be noted from the foregoing results that there is wide variation 
between the agglutination and opsonocytophagie activity of the same blood taken 
at the same time and tested under the same conditions with the 20 strains em- 
ployed. 

A like observation was made in 1937 by Campbell and Greenfield,’ employ- 
ing four strains of Brucella in agglutination tests on patients with pyrexia in 
whom typhoid, paratyphoid, influenza, pyogenic and tubercular infections had 
been excluded. They found in one case agglutination tests varied from no com- 
plete agglutination with a melitensis strain to 1:1,600 complete with one abortus 
strain and 1:100 with another. The organism isolated from the patient’s blood 
was Brucella abortus. Previously, in 1932, Plastridge and MeAlpine,* who em- 
ployed agglutination absorption technique on 116 strains of abortus, indicated 
close agreement of antigenicity of strains, 85 per cent of which completely ab- 
sorbed agglutinins from antisera of bovine and porcine types and from one 
melitensis antiserum. In their own words, ‘‘No serologic differences were ob- 
served between bovine and porcine types of Brucella abortus, regardless of 
origin.’’ Feusier and Meyer,’ as early as 1920, concluded, ‘‘Strains within the 
same group do not necessarily act in a uniform manner when absorbed from the 
same antiserum. This constitutes the basis for individual differentiation. In 
several melitensis strains, for example, the range of variability was so great 
that certain strains appeared to have little in common.’’ Giordano,® Keefer, 
Carpenter, Boak, and Chapman,* and Foshay® mention specifically that in 
routine testing variations in agglutination titers of patients were niarked when 
separate strains were used to check. Ageglutination absorption test and standard 
agglutination test apparently are not comparable, since from our results with 
abortus, suis, and melitensis strains we eoneluded that infecting Brucella strains 
must vary tremendously in antigenicity. 

Huddleson' states that in routine testing an antigen containing one smooth 
strain of abortus is sufficient. To determine the smoothness of the strain, the 
method of choice is the phagocytosis of the strain with known negative and posi 
tive bloods as an index. Our strains were neither thermoagglutinable nor dye 
agglutinable and yet variation in phagoeytie system was marked. We feel that 
variation in the phagocytic system was a strain difference, not necessarily asso 
ciated with its smoothness or roughness. 


CONCLUSIONS 


1. A series of 34 patients diagnosed as having chronie undulant fever ha 
been examined, employing agglutination and opsonocytophagic tests. 

2. Marked variation in both agglutinin titers and opsonocytophagie indic« 
has been found. This indicates the necessity for standardization of Brucell: 
polyvalent antigens for agglutination tests. 
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3. Testing with five to ten smooth strains for cytophagic activity is neces- 
sary to obtain reliable results. 

4. Irom our studies it would appear that the diagnosis of acute or chronic 
brucellosis is dependent upon clinical opinion with some positive immunologic 
test. 

REFERENCES 


1. Huddleson, I. Forest: Brucellosis in Man and Animals, New York, 1939, The Common- 
wealth Fund. 

2. Foshay, Lee, and LeBlane, T. J.: The Derivation of an Index Number for the Opsono- 
cytophagic Test, J. Las. & Cuin. MED. 22: 1297, 1937. 

3. Campbell, William, and Greenfield, E. C.: The Incidence of Brucellosis in Cases of 
Pyrexia of Uncertain Origin in the Cape Province of the Union of South Africa, 
South African M. J. 11: 192, 1937. 

1, Plastridge, W. N., and MeAlpine, J. G.:  Agglutinin-Absorption Studies on Brucella, 
J. Infect. Dis. 50: 555, 1932. 

5. Feusier, M. L., and Mever, K. F.: Principles in Serologic Grouping of Br. Abortus 
and Br. Melitensis: Correlation Between Absorption and Agglutination Tests, 
J. Infect. Dis. 27: 185, 1920. 

6. Giordano, Alfred S., and Sensenich, R. Lloyd: Brucella Abortus Infection in Man. <A 
Clinical Analysis of 35 Cases, J. Las. & CLIN. MEb. 15: 421, 1930. 

7. Keefer, Chester: Report of a Case of Malta Fever Originating in Baltimore, Md., 
Bull. Johns Hopkins Hosp. 35: 6, 1924. 

8. Carpenter, G M., Boak, Ruth, and Chapman, O. D.: Significance of Brucella Abortus 

Agglutinins in Human Serum, J. Immunol. 17: 65, 1929. 
Foshay, Lee: The Diagnosis of Undulant Fever, Am. J. Clin. Path. 10: 176, 1940. 


RECOVERY OF RABIES VIRUS FROM THE BRAIN OF AN 
UNDIAGNOSED CASE* 


Morris SCHAEFFER, PH.D., AND ANN G. LEIDER, M.Sc. 
New York, N. Y. 


HE symptoms of rabies are usually so typical that when accompanied by a 

history of a dog bite, the case will appear to follow the classical description 
closely, and the diagnosis is rarely missed. When, however, a history of a bite 
is not previously established, and a case presents itself during a late stage of the 
disease, a correct diagnosis may then become exceedingly difficult. It is possible, 
therefore, that an occasional death which follows a symptomatology obscured by 
the lack of an incriminating history of contact with a rabid animal, may actually 
be the result of infee’ion with rabies virus. 

The belief has been expressed that this may occur much more frequently 
than may be supposed.'* An excellent illustration of sueh an occurrence is de- 
seribed in the following report, which deals with the isolation and identification 
of rabies virus from a case that came to the Medical Examiner for autopsy be- 
cause the symptomatology and cause of death were obscure. 

In the afternoon of Feb, 15, 1940, 8. G., white, 49 years old, residing on the lower East 
Side of New York, walked into the Columbus Hospital and asked to be admitted for observa- 


tion. He complained of difficulty in swallowing, which he stated was ‘‘ because of poison in 


*From the Bureau of Laboratories, Department of Health, New York City, 
Received for publication, September 26, 1941, 
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throat placed there by someone.’’ After admission the patient became unmanageable, wildly 
delirious, and induced emesis which resulted in the vomiting of black fluid mixed with blood. 
The diagnosis was ‘‘ psychoneurosis’’ and ‘‘acute state of anxiety.*’ He was about to be 
transferred to the psychopathic ward at Bellevue Hospital, when he died at 10:00 A.M. on 
February 16. The body was submitted to the Medieal Examiner, and a post-mortem examina 
tion was made by Dr. Eugene Clark on February 17. 

There was no evidence of injury, except for abrasions on the dorsum of the hands, on 
the middle finger of the right hand, and a healing wound, irregularly shaped and 11% inches 
long, on the right index finger. The meninges were normal. There was a slight subarachnoid 
hemorrhage at the posterior pole of the cerebrum. No macroscopic lesions were found in 
the pons, medulla, or elsewhere in the brain. Aside from a general visceral congestion, no 
special pathology could be observed. Opinion as to the cause of death was, therefore, re 
served, pending chemical and microscopic examination. 

On the day of autopsy portions of the brain in glycerin and in 10 per cent formalin 
were submitted to us for investigation of a possible central nervous system virus infection. 

For aid in the pathologic examination of the fixed tissues, we secured the assistance of 
Dr. Vera B. Dolgopol, of the Willard Parker Hospital. Her opinion was: ‘‘Seetions fron 
medulla show a number of veins with several rows of lymphocytes within the walls. The 
perivascular space is free from exudate, but is markediy dilated. Some of the veins wit] 
cellular exudate are situated near the ventricular surface, while others are present on the 
lateral aspect of the medulla and near the olives. No glial nodules are observed. The ganglion 
cells show no remarkable degeneration. The section from the brain shows marked congestion 


of veins but no vascular infiltration. Microscopic diagnosis: uulbar myelitis.’’ 


Because it was inconvenient to do animal inoculations at the time the 
elycerinated brain material was received, it was washed several times in saline 
solution to remove the glycerin, then frozen and stored in a dry-ice cabinet at 

76° C. for forty-eight hours. The portions of brain were then thawed rapidly 
in the incubator at 37° C., titurated in a mortar to a fine pastelike consistency, 
and suspended in broth to a concentration of about 20 per cent. The suspension 
was centrifuged at about 2,000 r.p.m. for ten minutes, and the supernatant fluid 
Was inoculated intracerebrally into animals. Each of six mice received 0,03 ¢.c., 
each of two guinea pigs 0.25 ¢.¢., and each of two rabbits 0.5 ¢e. Cultures in 
broth were made simultaneously to determine the bacterial content of the sus 
pension. The results of these inoculations and all successive passages mad 
thereafter are indicated in Fig. 1. 

All material for subsequent inoculations consisted of a 10 per cent suspen 
sion of a pool of several mouse brains or, as in the one ease indicated, of a single 
guinea pig brain. The volumes inoculated throughout were the same as thos 
stated above. 

The two inoculated guinea pigs were found dead the following mornit 
Smears and cultures from the brains of these animals showed heavy bacteria! 
growth, with predominance of a gram-positive bacillus and fewer gram-positi 
cocci. These were also present in cultures of the original brain material. 

Fortunately, the mice resisted these contaminants, and on the ninth d 
after inoculation two mice became inactive and showed a weakness of the hi 
legs. Several hours later they became moribund and were thereupon prompt 
killed. Their brains were removed with aseptic precautions, a portion of ea 
was inoculated into culture media and the remainder was frozen at —76° C. 
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no growth was observed in the cultures, a 10 per cent suspension of these brains 
was prepared and inoculated into a group of ten mice. On the thirteenth day 
a third mouse of the originally injected group of six showed symptoms similar 
to those observed in the first two, and a suspension of its brain proving bae- 
teriologically sterile was inoculated into a group of six mice. 

The two rabbits were found dead in their cages on the eleventh and four- 
teenth day, respectively. Bacteriologic examination of the brains of both these 
animals vielded negative results, and they were stored at —76° C., pending the 
outcome of the mouse passages. 

Beginning with the second passage, the mice began to show more definite 
symptoms, usually starting with paresis, rapidly developing paralysis, and 
terminating in prostration and death. Since serial passage of the brains of 
animals thus affected resulted in a clear-cut, reproducible clinical syndrome, 
we inferred that an infectious agent, probably a neurotropie virus, was involved. 

Judging from the case history, incubation period, and clinical symptoms in 
mice, the viruses first to be considered logically appeared to be those of rabies, 
herpes, or encephalitis. 

Accordingly, the brain of one mouse in the second passage was examined for 
Negri bodies by direct smear, and two brains were sectioned for histopathologic 
study. No Negri bodies were found on direct smear. The histologie sections 
showed mononuclear cuffing around small veins in the subcortical structures and 
the cortex. There was no diffuse meningitis, although occasionally groups of 
Ivmphocytes were present in limited areas of the meninges. A large number 
of intracellular and extracellular Negri bodies were seen in one of the sections 
of the hippocampus. 

In subsequent passages, namely, the third, fourth, and fifth, Negri bodies 
were easily demonstrated by direct smear. These were seen also in the brains of 
a rabbit and a guinea pig* inoculated with third passage mouse brain and in 
the brain of another guinea pig receiving a further guinea pig brain passage. 
None of the brains obtained in the remainder of passages was examined fo! 
Negri bodies. 

The finding of Negri bodies made it fairly obvious that rabies virus had been 
isolated. It was nevertheless deemed necessary to conduct neutralization tests 
in order to demonstrate the serologic specificity of this virus. The virus was, 
therefore, tested against an antirabie serum prepared by the injection of rab 
bits with a Department of Health strain of fixed rabies virus. The serum 
definitely neutralized the isolated virus in this test, but because of the low in 
fectivity of the virus in its third passage, further passages were resorted to so 
that the potency of the virus might increase sufficiently and a repetition of th 
neutralization test could be made under more suitable conditions. 

The chart of the virus passages shows quite clearly that a gradual rise 
the infectivity titer took place, starting at 10° in the third passage to 10° 
the eleventh passage. It will also be noted that correspondingly there was a d 
crease in the incubation period from nine days or more at the beginning to 
uniform six-day incubation period in the last passage made. 

*This animal exhibited symptoms characteristic of furious rabies. It became excitab 


ran wildly about in its cage, frothed at the mouth, and repeatedly attacked and bit its c 
mate. Finally, after repeated convulsive seizures, it became prostrate and died. 
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A virus preparation obtained from a pool of eleventh passage mouse brains 
was again tested against the antirabie serum. The results of the seeond test 
fully confirmed the findings of those in the first in a clear-cut and satisfactory 
manner, 

As soon as sufficient evidence was obtained to be certain that we had un- 
covered a case of undiagnosed rabies, further investigation was made by the 
Bureau of Preventable Diseases, and the following facts were elicited: 

From an interview with the son of S. G. it was learned that S. G., while at play with his 
dog on December 25, was bitten on the index finger of the right hand. He applied tincture 
of iodine and a bandage to the bleeding wound, but sought no medical advice. The son, P. G., 
was bitten on the left leg on the same day. He also applied tincture of iodine with no further 
treatment. The dog subsequently vanished and was not seen thereafter, but P. G. added the 
further information that the dog had been ill for two days prior to December 25 with vomiting 
and ‘‘fits,’’ and had tried to bite people on the street. He also stated that the dog showed 
scars on its face as a result of having been bitten by another dog two weeks previously. 

S. G. felt well and worked as a laborer until February 13 when he developed fever. On 
February 14 he could not drink or swallow, had dryness of the mouth, and feared the sight of 
water, A local physician examining him that day diagnosed his condition as that of grippe. 

On Febryary 15 a Hospital ambulance interne refused to remove him to the hospital, 
stating he was not sick enough for hospitalization. The same day 8. G, went to Columbus 
Hospital where he was admitted. Death ensued the following day. 


This information, furnished by the Bureau of Preventable Diseases, served 
to complete the history of a perfectly typical case of rabies which, baffling as it 
appeared in the beginning, might have remained undetermined and unrecorded 
were it not for the first clues obtained in the laboratory. 

To the physician and publie health officer this report may be of significance, 
since it. indicates the need to be more watehful for cases of unsuspected rabies 


in areas where this disease is endemic. 
SUMMARY 


With the utilization of laboratory procedures, rabies virus was recovered 
from a person, the cause of whose death was obscure. The presence of virus in 
the brain of this undiagnosed case was established by animal passages, by the 
demonstration of Negri bodies in the brains of inoculated animals, and by im- 
munologie methods. 

Following the recovery of virus, further investigation revealed that the his- 
tory of a dog bite and other data pertinent to a typical case of rabies also existed. 

The need to be ever mindful that such eases may occur in communities where 


rabies is endemic is indicated by this report. 
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SULFONAMIDE THERAPY OF STREPTOCOCCUS INFECTIONS BY 


THE INTRAVENOUS DRIP METHOD* 


Wir A Nove ON THE ToxIcIty OF NEOPRONTOSIL BY INTRAVENOUS 
ADMINISTRATION 


JoHN A. KotmMer, M.D., AND HerRMAN Brown, B.Sc. 
PHILADELPHIA, Pa, 
WITH THE TECHNICAL ASSISTANCE OF ANNA M. RULE AND LORAINE GROSKIN 


HE massive arsenotherapy of early syphilis by the intravenous drip injec 

tion of solutions of neoarsphenamine or mapharsen over a period of five days, 
proposed by Chargin, Leifer, and Hyman," ? has suggested that this method of 
administration of the soluble sulfonamide compounds may be useful in the treat 
ment of streptococeal and other septicemias. 

However, since therapeutically effective concentrations of free sulfonamide 
compounds in the blood may be maintained in the majority of persons by oral 
or parenteral administration of adequate doses at suitable intervals, the indica- 
tions for their administration by the continuous intravenous drip method are 
not apparent, although worthy of investigation in relation to the chemotherap) 
of severe septicemia with special reference to the treatment of subacute bacteria! 
endocarditis due to infection with Streptococcus viridans. 

In this connection it may be stated that the massive arsenotherapy of acute 
testicular syphilis of rabbits by Kolmer and Rule,*® consisting of the intravenous 
drip method of administration of neoarsphenamine and mapharsen once a day 
for five days in succession, did not prove any more effective than the dail) 
intravenous injection of single doses by syringe for five days in succession, or 
single intravenous injections of the compounds, as the foetal minimal curative 
doses in relation to biologie cure were practically the same hy all three methods 
of administration, being approximately 0.020 Gm. of neoarsphenamine or 0.009 
Gm. of mapharsen per kilogram of weight. 


EXPERIMENTAL 


Rabbits were chosen for the experimental part of this investigation because 
of their susceptibility to infection with virulent beta hemolytic streptococci 
of group A by intradermal or intravenous inoculation* and the ease with which 
solutions of sulfanilamide and neoprontosil could be injected intravenously }y 
the drip method at daily intervals. 

*From the Research Institute of Cutaneous Medicine, Philadelphia. 

teceived for publication, December 11, 1941. 
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On the other hand, it was realized that rabbits are not as suitable as mice 
for chemotherapeutic investigations in experimental streptococcus infections 
with the sulfonamide compounds largely because sulfanilamide and other sul- 
fonamide compounds are more rapidly acetylated into compounds of reduced 
or doubtful therapeutie properties.”.° Thus Kolmer, Brown, and Rule’ have 
observed that about 838 per cent of untreated rabbits inoculated intradermally 
and intravenously at the same time with virulent beta hemolytic streptococci 
developed suppurative arthritis, which progressed to a fatal outcome with 
positive blood and joint cultures. In a series treated with sulfanilamide by 
intravenous administration about 75 per cent developed suppurative arthritis 
with positive blood and joint cultures, all of which terminated fatally. Better 
results, however, were observed in the treatment of rabbits with neoprontosil 
inoculated only intradermally, which produces a severe local lesion without an 
associated septicemia.® 

The strain of beta hemolytie streptococcus (group A) employed in this in- 
vestigation was of such virulence that the intravenous injection of adult rab- 
hits, weighing from 2,000 to 2,800 Gm., with 0.8 ¢.¢. of 18-hour broth culture, 
regularly produced infections fatal within fourteen days with the development 
of suppurative arthritis with positive joint cultures in about 75 per cent of an- 
imals. Heart blood cultures were usually positive at daily intervals during the 
first four or five days following inoculation after which they were usually sterile. 


TABLE [| 


RESULTS OF TREATMENT OF RABBITS WITH SULFANILAMIDE AND NEOPRONTOSIL ADMINISTERED 
BY THE INTRAVENOUS Drip METHOD* 


DOSE PER NUMBER 


COMPOUNDS Bytoneseer KG. soins nena ~_ wih = SUR- 
i ‘ (GM.) Z 4 6 8 10 14 VIVALS 
Sulfanilamide 3 0.020 3 3 3 2 2 0 © 
Sulfanilamide 3 0.050 3 3 2 l t + 6 0 
Sulfanilamide 3 0.100 3 3 + Saale 2 |} 0 0 
Sulfanilamide 3 0.200 3 3 3 hn 0 0 
Neoprontosil 3 0.020 3 2 2 l 0) 0 0 
Neoprontosil 3 | 0.050 3 3 2 721 aoe |e Fe Sa 0 
Neoprontosil 3 | 0.100 3 3 3 2 ] 0 0 
Neoprontosil 3 0.200 3 ys 2 l | 0 0 
(ntreated controls | 8 | - S 8 8 |} 6 ft | 0 0 


*Administered once daily for five days in succession. Each dose of both compounds was 
en in 80 c.c. of 5 per cent solutions of glucose. Time required for injections varied from 
three hours and forty-seven minutes to four hours and two minutes. First dose of each com- 
ind was given twenty-four hours after inoculation. 
+Weights 2,400 to 2,800 Gm. Inoculated intravenously with 0.8 ¢.c. of eighteen-hour broth 
culture of virulent beta hemolytic streptococcus. 


In one experiment 32 rabbits were inoculated in this manner with 8 being 


<ept as untreated controls. Of the remaining 24 animals 12 were given sulfa- 


amide and 12 neoprontosil intravenously by the drip method at daily inter- 


= 


ls for five days in succession, the first dose of each compound being given 


twenty-four hours after inoculation, at which time positive heart blood cultures 
were observed. The daily doses of each compound varied from 0.020 to 0.200 Gm. 
per kilogram of weight, equivalent to 1.4 to 14.0 Gm. per 70 kg. of weight. Each 


louse was dissolved in 80 ¢.e. of a 5 per cent solution of glucose and given intra- 
ously by the drip method, each treatment requiring about four hours. No 
fieulties were encountered in giving the injections by the gravity method 
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through the veins of the ears, the animals being confined in a special box in a 
comfortable position without the need of employing anesthesia. The results are 
summarized in Table I. 

A second series of 32 rabbits was inoculated in the same manner, 8 being 
kept as untreated controls, and the remaining 24 treated with sulfanilamide 
and neoprontosil in the same dosage per kilogram of weight except that each 
compound was administered daily by intravenous injection by the syringe 
method at the rate of 5 ee. per minute. Sulfanilamide was employed in an 
0.8 per cent solution which required the injection of from 6 to about 48 ¢.e. in 
order to administer doses of 0.020 to 0.200 Gm. per kilogram of weight. In the 
case of neoprontosil a stock 5 per cent solution was employed so diluted with 
sterile water that each dose was administered in a volume of 15 ¢.¢. The results 


are summarized in Table IT. 


TABLE II 


RESULTS OF TREATMENT OF RABBITS WITH SULFANILAMIDE AND NEOPRONTOSIL ADMINISTERED 
BY THE SYRINGE METHOD* 


; DOSE PER . —— NUMBER 
NUMBER . SURVIVALS: DAYS 
COMPOUNDS i KG. SUR- 

RABBITS = : : 

(GM.) z 4 6 ) 10 14 VIVALS 
~ Sulfanilamide — 3 0.020 0 0 ~ v U v 
Sulfanilamide 3 0.050 3 3 3 2 0 | O () 
Sulfanilamide 3 0.100 3 3 3 3 3 0 0) 
Sulfanilamide 3 0.200 3 = 3 2 l 0 0 
Neoprontosil 3 0.020 3 3 3 2 0 0 0 
Neoprontosil 3 0.050 3 5 3 4 0) 0 0 
Neoprontosil 3 0.100 3 3 3 4 ] 0 0 
Neoprontosil 3 0.200 3 3 3 3 2 0 0 
Untreated controls S 8 8 “i 6 3 0 0 


*Administered once daily for five days in succession. Each dose of sulfanilamide was 


dissolved in 6 to 48 ¢.c. of 5 per cent solutions of glucose. Each dose of neoprontosil was pre- 
pared of a stock 5 per cent solution diluted with sterile distilled water to a total volume of 15 
c.c. First dose of each compound was given twenty-four hours after inoculation. 


*+Weights 2,000 to 2,400 Gm. Inoculated intravenously with 0.8 ¢.c. of eighteen-hour brot! 
culture of virulent beta hemolytic streptococcus. 


Determinations of free sulfanilamide in the blood were made about one hour 
after the completion of the second treatment by both the drip and syringe 
methods of administration, and about two hours after the fourth treatment by 
both methods. The average results are summarized in Table IIT. It will b 
noted that the concentrations after the syringe method of administration were 
frequently higher than after the continuous drip method of administration, 





probably because of greater elimination of both compounds during the fou! 
hours required for their administration by the latter method. 


TOXICITY OF SULFANILAMIDE AND NEOPRONTOSIL BY INTRAVENOUS 
ADMINISTRATION 


Toxicity of Sulfanilamide.—Sulfanilamide was well borne by both method 
of administration. All of four normal rabbits given the compound in doses « 
0.020, 0.050, 0.100, and 0.200 Gm. per kilogram, respectively, at daily interva 
for five days in succession by the intravenous drip method in the same mann 
as employed in the therapeutic experiments, survived indefinitely, with no eli 


ical evidences of toxicity. The same was true of four normal controls given t! 
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compound in similar dosage daily for five days in succession by the syringe 


‘ 


method of intravenous injection with no evidences of the ‘‘speed shock’’ ob- 
served by Hirschfeld, Hyman, and Wanger® in relation to the intravenous in- 
jection of the organie arsenical and other compounds, probably because the 


sulfanilamide was administered in an 0.8 per cent solution. 


TABLE ITI 


CONCENTRATIONS OF FREE SULFANILAMIDE IN THE BLOOD* 
AVERAGE BLOOD CONCENTRA- 
TION AFTER 


pas | DOSE PER KG. | METHOD OF AD- 
COMPOUNDS | | 


| 
(GM.) | MINISTRATION |—3——-——__,—_—- ——> 
2ND DOSE | 4TH DOSE 

Sulfanilamide | 0.020 | Drip | La | 3.1 
Sulfanilamide 0.020 Syringe | 2.2 | 1.2 
Sulfanilamide | 0.050 | Drip | 3.5 oul 
Sulfanilamide | 0.050 | Syringe 6 122 
Sulfanilamide | 0.100 Drip | 4.0 3.7 
Sulfanilamide 0.100 | Syringe | 1.5 | 1.6 
Sulfanilamide 0.200 | Drip 12.05 ee 
Sulfanilamide | 0.200 | Syringe Ta | 5.6 
Neoprontosil | 0.020 Drip 0.5 0 
Neoprontosil | 0.020 | Syringe 1.5 0.8 
Neoprontosil | 0,050 | Drip | 0.5 0.5 
Neoprontosil | 0.050 | Syringe 0.5 0.5 
Neoprontosil 0.100 Drip | 0 0.5 
Neoprontosil | 0.100 Syringe | 0.5 | 0.8 
Neoprontosil 0.200 | Drip | 0.8 Negative 
Neoprontosil 0.200 Syringe 3.6 1.8 
*Milligrams per 100 ¢.c. Determinations were made about one hour after the completion 


of injections by the drip method and about two hours after injections by the syringe method. 


Torivcity of Neoprontosil—Oft particular interest, however, was the fact 
that neoprontosil was likewise well borne by intravenous injection. All of four 
normal rabbits given 0.020, 0.050, 0.100, and 0.200 Gm, per kilogram, re- 
respectively, at daily intervals for five days in succession by the intravenous drip 
method in the same manner as employed in the therapeutie tests, survived 
indefinitely with no clinical evidences of toxicity. The same was true of four 
additional animals given the compound in the same dosage daily for five days 
in succession by the syringe method of administration, each dose being diluted 
with sterile water to a total volume of 15 ce. 

However, since neoprontosil is not customarily administered to human be- 
ings by intravenous injection, we have thought it advisable to conduet ad- 
ditional toxicity tests by this route of parenteral administration. 

Kor this purpose normal rabbits were given neoprontosil* intravenously 
in 5 per cent solution twice daily (10 a.m and 3 p.m.) for eight days in succession 
in doses of 0.1, 0.2, 0.5, and 1.0 Gm. per kilogram by syringe injection, two an- 
imals being used for each dose. The total daily dosage varied, therefore, from 
0.2 to 2.0 Gm. per kilogram or from 1.6 to 16.0 Gm. per kilogram over the eight 
days of administration and equivalent to from 14.0 to 140.0 Gm. per day for a 
human adult weighing 70 kg. As shown in Table IV, all animals survived in- 
definitely except one which died after six doses of 1.0 Gm. each or a total of 
6.0 Gm. per kilogram over three days of administration. 


*We are indebted to the Department of Medical Research, Winthrop Chemical Company, 
or kindly supplying the compound. 
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All surviving animals were killed one week after the last dose and micro- 
scopic examinations were made of the liver, spleen, kidneys, and sternal bone 
marrow of each. No pathologic tissue changes were found in the sections of the 
spleens or bone marrow. The livers of two animals showed slight cloudy swell- 
ing with perilobular congestion, but no fatty degeneration or necrosis of the 
peripheral lobular cells. The kidneys of only one animal showed some dilatation 
of the convoluted or collecting tubules associated with tubular necrosis of minor 
degree. The histopathologic changes, therefore, were much less marked than 
observed by Rake, VanDyke, and Corwin'® following the oral administration of 
sulfathiazole and sulfapyridine to mice, rats, and monkeys and also less than 
observed by Kolmer, Rule, and Groskin™ following the oral administration of 
sulfathiazole and sulfathiazoline to rabbits. 


TABLE IV 


ToXIcIrTy OF NEOPRONTOSIL FOR RABBITS BY INTRAVENOUS ADMINISTRATION 


GM. PER 
: roTAl BLOOD CONCENTRATIONS (MG. PER 100 ©.c.) ¢ 
WEIGHT KG. . ’ 
GM TWICI PER KG. RESULTS 15TH 
(G ° V if 19 ; ac oe] 
GM. IST DOSE) SRD DOSE |OTH DOSE YTH DOSE 
DAILY DOSH 
2,000 0.1 1.6 Survived 0.16 G,12 0.16 0.16 0.14 
1.950 0.4] 1.6 Survived Negative |Negative 0.08 0.08 0.04 
1,850 0.2 5 Fe Survived 0.16 0.16 0.24 0.24 0.14 
1,900 0.2 3.2 Survived Negative 0.12 0.16 0.16 0.14 
1,750 0.5 8.0 Survived 0.28 0.32 0.56 0.40 0.32 
1,800 0.5 8.0 Survived 0.28 0.28 0.36 0.38 0.32 
1,700 1.0 6.0 Died 4th day 0.40 0.72 0.60 0 0 
1,700 1.0 16.0 Survived 0.50 0.56 0.56 0.60 0.64 


*At 10 A.M. and 3 p.m. for eight days in succession; 5 per cent solution of neoprontosil 
was employed. 
+¥Determinations were made four hours after administration. 


Total erythrocyte and leucocyte counts were made just before and four 
hours after the second, sixth, tenth, and sixteenth doses in each rabbit. Allow- 
ing for physiologic variations in different animals, the results have shown no 
effect upon the erythrocytes and leucocytes of those given 0.2 and 0.4 Gm. per 
kilogram per day. In those animals given 1.0 and 2.0 Gm. per kilogram per day 
a slight but definite decrease of the total erythrocytes per cubie millimeter of 
blood was noted, especially in the case of the animal that died after six doses 
of 1.0 Gm. each per kilogram, in which the total erythrocytes had dropped from 
6,070,000 per cubie millimeter before the first dose to 4,200,000 four hours after 
the sixth dose. None of the animals, ineluding that which died, showed a leuco- 
penia; on the contrary, most of them showed a tendency to slight leucocytosis. 

Blood examinations for the determination of free sulfanilamide were mad 
four hours after the first, third, fifth, and fifteenth injections of the compounds 
in each rabbit. As shown in Table IV, the concentrations were quite low, evi 
dently due in part to rapid acetylation, and usually mueh less than those ob 
served one hour after administration, shown in Table IIT. 

Agelutination tests in vitro, employing 1 ¢.¢. of a 1 per cent suspension o! 
washed human erythrocytes with amounts of 5 per cent solution of neoprontosi! 
varying from 0.1 to 1.0 ¢.«., and the addition of physiologic saline solution to : 
total volume of 2 ¢.c. showed some agglutination (+ to +++) upon microscopii 
examination of each mixture after incubation in a water bath for two hours at 
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37° C., but in spite of this evidence of the agglutination of washed erythrocytes 
in vitro no clinical evidepees of intravascular agglutination or hemolysis were 
apparent in vivo in the ease of rabbits, probably because of the protection af- 


forded by the plasma proteins. 
THERAPEUTIC RESULTS IN THE TREATMENT OF RABBITS 


As shown in Tables I and II, both sulfanilamide and neoprontosil admin- 
istered once daily for five days in succession by the intravenous drip and syringe 
methods of administration proved ineffective in the treatment of rabbits inoeu- 
lated intravenously with virulent beta hemolytie streptococcus. All treated 
animals, including 16 untreated controls, died within a period of fourteen days. 
All developed suppurative arthritis with positive joint cultures at the time of 
death. 

These results were not unexpected in the ease of those animals given the 
compounds intravenously once a day by syringe injection in view of the un- 
favorable results previously observed following the oral administration of 
sulfanilamide to rabbits developing this type of streptococcus infection.’ The 
main purpoSe of the investigation was to determine whether or not better results 
could be secured by the intravenous drip method of administration, but such has 
not been observed in these experiments. It is likely that failure of treatment by 
both methods of administration was largely due to the lack of maintenance of 
therapeutically effective concentrations of free sulfanilamide in the blood be- 
cause of rapid acetylation of sulfonamide compounds by rabbits, along with the 
fact that only single doses were given onee daily for five days in succession. 
It was hoped, however, that the intravenous drip method of administration, 
covering a period of about four hours for the injection of each dose, might prove 


superior, but such has not been observed. 
THERAPEUTIC RESULTS IN THE TREATMENT OF HUMAN BEINGS 


Both sulfanilamide and neoprontosil, however, may be safely administered 
to human beings by the intravenous drip method. The same is true of the 
soluble sodium salt of sulfapyridine. At least one of us (J. A. K.) has admin- 
istered sulfanilamide by this method to five adult patients with severe surgical 
hemolytie streptococcus septicemia in whom oral administration was unsatis- 
factory because of nausea and vomiting. There were no apparent ill effects. 
Mach treatment consisted in the intravenous injection of a mixture of 600 ¢.c¢. 
of 0.8 per cent so'ution of sulfanilamide in sterile saline solution diluted with 
600 ee. of 5 per cent solution of glucose at the rate of about 200 ¢.c. per hour, 
‘overing a period of about six hours. This administered 4.8 Gm. and the in- 
ections were repeated at intervals of six hours (two per twenty-four hours, 
totaling 9.6 Gm.) for five days in succession. The therapeutic effects were very 
‘rompt and all recovered. 

Three additional cases of postabortal hemolytic streptococcus septicemia 
‘ere treated in the same manner with neoprontosil with no apparent ill effects 
nd with complete recoveries. Each treatment consisted of the intravenous drip 
dministration of 100 ¢.ec. of a 5 per cent solution of neoprontosil diluted with 
100 ¢.c. of 5 per cent glucose solution given at the rate of about 200 ¢.c. per 
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hour over a period of about six hours (5 Gm.). The injections were repeated 
at intervals of six hours (two per twenty-four hours, totaling 10 Gm.) for five 


days in succession. It is true that neoprontosil has not been customarily admin- 


istered by intravenous injection, since it is stated that this frequently produces 
nausea, vomiting, and immediate bowel movements,'? but such were not observed 
following the intravenous drip administration of the compound in our three 
cases by the method employed. 

Sodium sulfapyridine has been given to two adult patients with subacute 
bacterial endocarditis due to infection with Streptococcus viridans with two to 
four positive blood cultures, respectively, before the institution of treatment. 
Each treatment consisted of the intravenous drip administration of 4 Gm. of the 
compound dissolved in 1,200 ¢.c. of sterile saline solution at the rate of about 
200 ¢.c. per hour over a period of about six hours. The injections were re- 
peated at intervals of six hours (two per twenty-four hours, totaling 8 Gm.) 
for eight days in succession. There were no ill effects, although one patient de- 
veloped a very mild hematuria on the sixth day of treatment which may have 
been due to the compound. At the completion of the course treatment was con- 
tinued for twenty-four days by oral administration of sulfapvridine combined 
with the intravenous injection of typhoid-paratyphoid vaccine every three days 
for eight doses, for the production of fever. In spite of temporarily negative 
blood cultures, both patients ultimately died of the disease. 


SUMMARY 


1. The intravenous drip administration of sulfanilamide and neoprontosil 
in doses of 0.020 to 0.200 Gm. per kilogram onee a day for five days in sueces- 
sion was well borne by rabbits with no evidences of toxicity. 

2. The intravenous injection of neoprontosil to rabbits by syringe in doses 
of 0.1 to 1.0 Gm. per kilogram twice daily for eight days in succession was well 
borne with no clinical evidences of toxicity. 

3. The intravenous drip administration of sulfanilamide in dose of 4.8 Gm. 
(600 ¢.c. of 0.8 per cent solution diluted with 600 ¢.«. of 5 per cent glucose 
solution) at the rate of 200 ¢.c. per hour for six hours, repeated every six hours 
(two injections per twenty-four hours) for five days in succession, was well 
tolerated by human beings with hemolytic streptococcus septicemia and gave 
excellent therapeutic results. 

4. The intravenous drip administration of neoprontosil in dose of 5 Gm. 
(100 e.c. of 5 per cent solution diluted with 1,100 ¢.c. of 5 per cent glucose solu- 
tion) at the rate of 200 ¢.c. per hour for six hours, repeated every six hours 
(two injections per twenty-four hours) for five days in suecession, was well tol 
erated by human beings with hemolytic streptococcus septicemia and gave ex- 
cellent therapeutic results. 

5. The intravenous administration of sodium sulfapyridine in dose of 4 Gm 
dissolved in 1,200 ¢.c. of physiologic saline solution at the rate of 200 ¢.¢. pel 
hour for six hours (two injections per twenty-four hours) for eight days in 
succession was well tolerated by two cases of subacute bacterial endocarditis du 
to infection with Streptococcus viridans but with unsatisfactory therapeuti 
results. 





KOLMER ET AL.: SULFONAMIDE THERAPY OF STREPTOCOCCUS INFECTIONS 1275 


6. The intravenous drip and syringe methods of administration of sulfa- 
nilamide and neoprontosil in doses of 0.020 to 0.200 Gm. per kilogram of weight 
once a day for five days in succession proved ineffective in the treatment of rab- 
bits inoculated intravenously with virulent beta hemolytie streptococcus and 
developing suppurative arthritis with septicemia. Failure was largely ascribed 


to rapid acetylation of the compounds resulting in therapeutically ineffective 
concentrations of free sulfanilamide in the blood. 
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THE CHEMOTHERAPEUTIC STUDIES OF 2-SULFANILYL-8-5 
DIHYDROTHIAZOLE (SULFATHIAZOLINE) * 


GEORGE W. Raiziss, Pu.D., M. Severac, M.D., ANp J. C. Mortscu 


ULFATHIAZOLINE,' chemically 2-(p-aminobenzenesulfony!) aminothiazo- 


line, 


NH,C,H,SO,NH—C2 CH. 
\i/ 


differs from sulfathiazole in that the double bond in the latter, between carbon 
atoms 4 and 5, is saturated by the addition of an hydrogen atom to each of these 
carbon atoms. It is a colorless, erystalline compound, sparingly soluble in 
water, soluble in dilute mineral acids and alkalies. It has a melting point of 
207 to 209° C. 
TOXICITY 
Mice tolerate more than 20 Gm. per ke. of body weight of sulfathiazoline 
given orally (Table I). 
TABLE I 
TOXICITY OF SULFATHIAZOLINE AND SULFATHIAZOLE ADMINISTERED TO MICE PER OS 


Drugs Given in a 10 Per Cent Gum Acacia Suspension 


1 DOSE PER KG. NO. OF SURVIVALS 
IRUG 
GM. ) ANIMALS NO. PER CENT 
Sulfathiazoline 10.0 20) 2) 100 
15.0 25 95 100 
20.0 50 19 QS 
Sulfathiazole 10.0 »() 16 S() 
15.0 24 17 71 
20.0 2() 15 79 


TABLE II 
TOXICITY OF SULFATHIAZOLINE AND SULFATHIAZOLE ADMINISTERED TO RABBITS PER OS 


Drugs Given in Water Suspension 


SURVIVALS 


DRU DOSE PER KG. NO. OF 
RUG 
(GM. ANIMALS NO. PER CENT 
Sulfathiazoline 3.0 1? 1? | 100 
4.0 22 19 86 
Sulfathiazole 1.0) y 5 GG 


According to Table II, sulfathiazoline was tolerated by 86 per cent ot 
rabbits which received 4.0 Gm. per kilogram. Sulfathiazole, on the other hand, 
was tolerated by 66 per cent of rabbits which received 4.0 Gm. per kilogra 


*From the Dermatological Research Laboratories, Philadelphia, Division of Abb: 
Laboratories, North Chicago. 
teceived for publication, December 11, 1941. 
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Five dogs were given sulfathiazoline by mouth in a dose of 1.0 Gm. each 


daily for fifty days, and no diarrhea or vomiting was observed in any case. 
The dogs survived the fifty-day observation period and did not lose any weight 


(Table IIT). 


TABLE III 
TOXICITY OF SULFATHIAZOLINE IN DoGS GIVEN ORALLY 


WEIGHT IN LB. WEIGHT IN LB. 


aint : : DAILY DOSE TOTAL GIVEN 
NO. OF DOG WHEN TEST WAS WHEN TEST WAS 4 
: (GM. ) (GM. ) 
STARTED COMPLETED 

1 221, 24 1.0 oot 
2 2] 221% 1.0 D0 
3 221% 26 1.0 50 
! 21 2114 1.0 50 
5 201% 21% 1.0 50 


*Daily dose of 1.0 Gm. for 50 consecutive days. 


*#No diarrhea or vomiting was observed in any of the animals. 


Kolmer! found that sulfathiazoline, in doses of 0.05, 0.1, and 0.2 Gm. per 


kilogram twice daily for ten days in succession (20 doses) by oral administration, 


was well toleyated by rabbits. 


No macroscopic or Microscopie injury of the meninges, brain, or spinal cord 


any of the animals, ineludine those receiving the largest amount of the com- 


pound, was found. 


No gross or microscopic injury of the kidneys, liver, or spleen in a dose of 


0.05 Gm, per kilogram twice daily for 20 doses was observed. 


There was evidence of slight injury of the kidneys, liver, and spleen in the 


case of some animals given a dose of 0.1 Gm. per kilogram orally twice daily for 


20 doses. 


We made comparative studies of sulfathiazoline and sulfathiazole in refer- 


enee to blood concentrations. The perusal of figures in test A shows a figure 


of 


th 


2.59 to 1.11 mg. per cent for sulfathiazoline. For sulfathiazole we found 
e blood concentration ranging from 3.2 to 1.19 mg. per cent. When a higher 


dose, namely, 0.5 Gm. per kilogram was given, the blood levels, two hours after 


injection, were considerably higher (Table IV). 


Therapeutic Effect in Pneumococcus Types IT and IIT.—In these experi- 


lients mice were infected intraperitoneally with 10 to 200 M.L.D. of types II or 


[Il pneumococcus, of which the average minimum lethal dose was 0.5 ¢.e. of 


l 


:1,000,000 to 1:10,000,000 dilution of broth culture. 


The drugs were given by mouth in a dose of 10 mg. three times daily at 
\.M., 5 p.M., and 12 p.m. for five days; at 9 a.m. and 5 p.m. on the sixth day; 


nd at 9 a.m. on the seventh day, a maximum of 18 treatments. From Table V, 


ich presents a summary of the results obtained in several experiments, one 
ould note that at the end of four days the percentage of survivals was higher 
' sulfathiazoline, 78 per cent against 73 per cent for sulfathiazole. At the 
| of the seventh day, however, the percentage of survivals is higher for 
fathiazole than for sulfathiazoline. The former shows 19 per cent survivals, 
| the latter, 14 per cent. At the end of twenty-eight days, 5 per cent of sulfa- 
azole-treated mice survived against 2 per cent for sulfathiazoline. In type 
pheumococeie infections the percentage of survivals is highest for sulfa- 
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TABLE IV 
BLoop LEVELS IN MICE 
SULFATHIAZOLINE SULFATHIAZOLE 
BLOOD | BLOOD 
ZEST | youse| ENTERVAL IN Hours | queasy —— INTERVAL IN HOURS | LEVELS 
ies AT WHICH ANIMALS | CALC apg ee AT WHICH ANIMALS | CALCULATED | 

or WERE KILLED IN MG. % | ~~ | WERE KILLED | IN MG. % 
FREE | CONJ. FREE | CONJ. 
A l = 2.49 | None 11 2 3.20 | None 
2 2 2.59 |None | 12 2 2.91 | None 
3 4 1.56 | 0.36 13 4 1.68 | None 
} 1.87 0.26 14 } 4 | 1.24 None 
5 6 1.40 | None iS | 6 | 1.42 None 
6 6 1.18 | None | 16 6 130 | None 
 f s 1.30 | None 17 S 1.60 | None 
S 8 1.11 | None 18 8 1.19 | None 
) 24 | 1.19 |None | 19 24 1.67 | None 
10 24 1.24 | None 20 24 1.36 | None 
B l 2 (After Ist dose) t| 5.71 1.14 13) | 2 (After Ist dose) t/15.88 3.84 
2 2 (After Ist dose) 7.14 220 14 | 2 (After Ist dose) | 7.66 1.16 
4 (After Ist dose) 2.43 1.21 15 (After Ist dose) | 5.29 0.99 

} $ (After Ist dose) 29.43 | None 16 4 (After Ist dose) | 4.54 1.58 
D 6 (After Ist dose) 2.86 | None 17 6 (After Ist dose) | 6.71 | None 
10) 6 (After Ist dose) 2.14 0.50 | 18 6 (After Ist dose) 6.57 0.76 

7 |15 (After 2nd dose) 1.81 1.05 19 15 (After 2nd dose) 0.74 0.50 

S 15 (After 2nd dose) O86 0.28 | 20 1) (After 2nd dose) | 1.03 0.29 
9 2 (After 3rd dose) 3.14 1.29 21 2 (After Srd dose) |11.61 | 4.68 
10 2 (After 3rd dose) 4.57 0.86 22 2? (After 3rd dose) 8.82 5.88 
11 $ (After 3rd dose) 8.00 oO0S | 25 | 4+ (After 3rd dose) 3.80 0.60 
12 4 (After 3rd dose) 2.07 1.14 24 t (After 3rd dose) 1.0% RIS 


Cc l 2} Joo | None 13 2} 12.86 | None 
2 2 4.40 | None 14 2 9.40 | None 
o 1.33 | None | 15 4 | 3.27 | None 
4 1.92 | None ig { 4 6.43 | None 
5 6 0.93 | 0.31 17 6 3.63 | None 
6 6 O.SS8 0.25 18 6 2 9.) | None 
7 S 0.52 | 0.25 19 8 0.45 0.25 
8 8 0.30 | 0.25 | 20 8 0:72 | 0:31 
+) 12 0.75 | None 21 12 0.31 0.28 

10 12 0.50 | None 22 12 0.55 0.21 
1] 24 O44 | 0.73 23 24 0.78 | 0.65 
12 24 0.50 | 0.75 24 24 0.48 1.08 


*Each mouse received only one dose of 0.002 Gm., which is approximately 0.1 Gm. per 
kilozram of body weight, in 10 per cent gum acacia solution. 

*Each dose administered was of 0.010 Gm. per os in a 10 per cent gum acacia solution. 

Ist dose given at 10 A.M. 

2nd dose given at 4 P.M. 

3rd dose given at 10 A.M. next day. 

tEach mouse received one dose of 0.010 Gm. per os in a 10 per cent gum acacia solutio! 


TABLE V 


THERAPEUTIC EFFECT IN TYPES II AND III PNEUMOcoccIC INFECTION IN MICE 


TYPE OF 


sae NO. MICE | PERCENTAGE OF SURVIVALS IN DAYS 
PNEUMO- DRUG es a <meerees 
SED er — = > 7 ; ° 
coccus ? Pi2gis),)41,8 | 6)7 | [si | 2 
di Sulfathiazoline 170 =| 100 | 100 | 90 | 78 | 48 | 24 | 14 | 2 | 2 | 
Sulfathiazole 105 1100 | 95] 85 | 73 | 54 | 33 | 19 | 6 5 
Controls 101 15 0 | | | 
~ TT Sulfathiazoline _ 2] 100 | 86165 | 35 | 26 113 | 313 3 
Sulfathiazole 30 94} 82] 58 27 | 18 Ib 1 6 |] 3 3 


Controls 25 | 48 | 48] 8 0 
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thiazoline at the end of five days; i.e., 26 per cent for sulfathiazoline and 18 
per cent for sulfathiazole. At the end of the twenty-eighth day the percentage 


of survivals is equal for both drugs. 


THERAPEUTIC EFFECT IN STAPHYLOCOCCUS AUREUS INFECTIONS IN MICE 





Mice were infected intravenously (saphenous vein) with 0.2 ¢.¢. of a dilute 
saline suspension of FD A. strain No, 209 Staphylococcus aureus. Prior to the 
experiment the strain was passed through mice four times, the abscessed kidneys 
of the infected animals being removed at the time of death and recultured on 
plain agar. This inereased the virulence of the strain so that 100 per cent of a 
series of at least 25 mice were killed within one to five days as a result of in- 
fection. 

The mice were treated one and one-half, seven, twenty-four, and thirty- 
two hours after infection, then once daily for fourteen days, a total of 18 treat- 
ments per os. From Table VI one can see that the percentage of survivals for 
sulfathiazoline at the end of four days was 100; for sulfathiazole, 84. At the 
end of fourfeen days the percentage of survivals for sulfathiazoline is higher 
than that for sulfathiazole—48 per cent as compared with 28 per cent. At the 
end of twenty-eight days 4 per cent of sulfathiazoline-treated mice survived 


as compared with 8 per cent of sulfathiazole. 


TABLE VI 


THERAPEUTIC EFFECT IN STAPHYLOCOCCUS AUREUS INFECTIONS IN MICE 


NO. OF 
PERCENTAGE OF SURVIVALS, DAYS 
DRUG MICE 
USED l 2 Se } 5 6 7 14 21 | 28 
Sulfathiazoline 25 100 100 100 LOO 9G SS 80 | 48 | 4 4 
Sulfathiazole 25 100 8S SS S4 SO 76 72 28 | 16 8 
Controls 95 100 96 80) 16 0 | 


These results represent a summary of 5 individual experiments. 
CONCLUSIONS 


1. When tested on mice, rabbits, and dogs, sulfathiazoline proved to be 
lower in toxicity than sulfathiazole. 

2. The therapeutic effect of sulfathiazoline in mice with type II and III 
pneumocoecic infection was about the same as that observed with sulfathiazole. 

3. The percentage of survivals of mice infected with Staphylococcus aureus 
and treated with sulfathiazoline was found to be higher in the first fourteen 
lays of observation, while in periods of twenty-one and twenty-eight days 
sulfathiazole showed more survivals. 
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THE SURFACE AREA OF THE HUMAN ERY THROCYTE* 
Mo.Lulrt BERNSTEIN, M.T.. AND HERMAN M. CHeSLUK, M.D. 
ELOISE, MicH. 


* THE study of the anemias it has been customary to consider the amount 
of hemoglobin, the nuniber and size (volume and diameter) of the red blood 
cells, and the relationship between them. All this is based upon the assumption 
that the hemoglobin is evenly and diffusely distributed throughout the cell 
mass. However, evidence has been brought forth to show that the molecules 
of hemoglobin are deposited on the surface of the cell rather than within the 
cell body.'’ If this were the case, one might indeed imagine that this would 
increase the efficiency of hemoglobin as an oxygen carrier, its chief function. 
Emmons,’ after determining and comparing the red blood cell count, volume, 
thickness, area, and the hemoglobin content of several species of animals, showed 
that, although these values varied considerably in different species, the total 
surface area of the red cells per unit volume of blood was remarkably constant 
in all of them. This fact also would favor the concept that hemoglobin is 
limited to the surface of the cell. The surface area then would seem to be an 
important factor in evaluating oxygen-carrying efficiency of the red blood cells 
in a case of anemia. 

The earliest attempt to calculate the surface area of the red cell was by 


‘ 1)? ' 
Burker,? who used the formula A az —>- (D representing the diameter), neg- 


lecting the thickness of the cell and assuming the cell to be flat. Values thus 
obtained were, on the face of it, untrue, since they were less than that of a 
sphere of the same volume—the form that displays the smallest area per volume. 

If we assume the erythrocyte to be a short evlinder or flat disk, the area can 
be computed mathematically by a simple formula. Knowing the diameter, we 
can determine the top surface area by the formula zr? (r representing radius). 
The area around the cell is equal to the circumference (27r) multiplied by the 
thickness. Since the volume equals the top area multiplied by the thickness, the 
latter can be computed by dividing the volume by the top area, or T uf 
(7 representing thickness and V representing volume). The total area is twice 
the area of the top surface plus that around the cell. The formula then would 
be A 2rr? + 2arT or A = 2ar (r+ T). 

The red cell, however, has a characteristic curved configuration and so would 


3v the use of Guldin’s theorems of Integral Calculus, 


exhibit a larger area. | 

Emmons*? computed the surface area for several species of animals. The neces 
*From the Department of Internal Medicine, William J. Seymour Hospital, Eloise. 
teceived for publication, December 17, 1941. 
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sary values had to be obtained by actually constructing models of the red cells 
and taking direct measurements. Such a method is obviously a very laborious 
and impractical one. If the above-mentioned formula would give close enough 
results, we would have a very simple and practicable method. 


B’ 
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Pig. 2: 
The object of this work is to develop a simple method of determining and 
establishing the normal value for the surface area of the human erythrocyte. 
This can then form a basis from which many of the hematologic relationships 
and implications can be investigated. We studied a series of 50 normal voung 
adults (doetors, nurses, and hospital attendants), 27 males and 23 females.* All 
the determinations were done on venous blood. The anticoagulant used was 
prepared according to the method of Wintrobe as follows: 0.6 Gm. of am- 
monium oxalate and 0.4 Gm. of potassium oxalate was dissolved in 100 ¢.e. of 
water. One eubie centimeter of this solution was placed in each test tube, and 
the tube was then dried in the oven. This amount of anticoagulant was used 
for 10 «ec. of blood. The hemoglobin was determined by the Haden-Hausser 
method (100 per cent = 15.8 Gm. per 100 ¢.¢.). The hematocrit was determined 
by the Sanford-Magath method. Cell measurements were made with the filar 
mierometer measuring to within 0.5 microns. Thickness was computed by divid- 
ing the mean corpuscular volume by zr’, r being the mean radius of the cell. 
The formula used to compute the surface area was A = 2rr(r+T), T being the 
thickness. 
Table I represents our figures and results. The surface area of the entire 
series of cases ranged from 129.09 to 142.56 square microns, the average being 
*Nine of the female subjects were nurses of the University Hospital, Ann Arbor, Mich. 


In these cases the hemoglobin was determined by the Sahli method and the hematocrit by the 
Wintrobe method. 
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TABLE I 


HEMATOLOGIC VALUES IN THIS STUDY 
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LAR DIAMETER | THICKNESS AREA 
VOLUMI (MICRONS )| (MICRONS ) (SQUARE 
(CUBL MICRONS ) 
MICRONS ) 


HEMATO 
CRIT 


130.45 
09 

2 56 
S15 to) 
10 
O00 
,O.86 
- 0 
“oD 


O48 


Oe SS eS nS mS a: a” OS Ue OMS OS ORES OEY OT 
> 5) iw > ae > 
7a ey ay 


tee fee 


Ue CO DS 


He He 09 09 09 OO 
mM SO ONAS 


(. 
i. 
(. 
(. 
(. 
(. 
‘. 
(. 
i. 
(. 
(. 
‘. 
‘. 
(. 
i. 
i. 
(. 
(. 
(. 
(. 
(. 
(. 
(. 
i. 
de 
‘ 
(. 
(. 
(. 
‘. 
‘. 
‘ 
(. 
‘. 
i. 
(. 
(. 
(. 
(. 
(. 
(. 
(. 
(. 
‘. 
‘. 
(. 


135.44, with a standard deviation of 3.517. In 80 per cent of our cases the values 
ranged from 130 to 140 square microns. Table Il represents the distribution 
of the cases for the various values obtained in our series. The value obtained 
by Emmons,” using this very exact but very laborious method described above, 


was 144.8 square microns. 





BERNSTEIN-CHESLUK : SURFACE AREA OF HUMAN ERYTHROCYTE 1283 


We recognize the fallacies of our method. It is based on the assumption 
that the erythrocyte is a flat disk, while it is known that it has a eurved con- 
figuration. But perhaps the fallacy is not quite as great as it may appear to 
be. Fig. 1 represents a cross section of the normal configuration of the red 
blood cell. Let us, for the sake of discussion, exaggerate the curves to the point 
of making straight lines to assume the appearance of Fig. 2. The reetangular 
figure superimposed is the flat disk used in our computations. The area A’B’C, 
omitted in our caleulations, would be compensated for by the area A B C. 

TABLE I] 
DISTRIBUTION OF CASES ACCORDING TO COMPUTED SURFACE AREA OF ERYTHROCYTES 
SURFACE AREA IN| SQUARE MICRONS NUMBER F CASES 
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We feel deeply indebted to Dr. Raphael Isanes, formerly associate professor of medicine, 
University of Michigan, School of Medicine, Ann Arbor, Mich., for his guidance and valuable 
suggestions in carrying out this work. 


To summarize, a practicable technique for determining the mean surface 
area of the human erythrocyte with the normal value and range is presented. 
By this method the average total surface area of the normal human erythroeyte 
is 1385.44 + 3.517 square mierons. Eighty per cent of the cases ranged between 
130 and 140 square microns. These results compare favorably with those ob- 
tained by more exact and much more difficult methods. This procedure opens 
possibilities for further investigations into the interrelationships of the surface 
area with other hematologic values and into the question of the distribution 
of hemoglobin in the red blood cell. 
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SARCOIDOSIS 


A CONSIDERATION OF THE CLINICAL AND HISTOLOGIC CRITERIA DIFFERENTIATING 


SARCOIDOSIS FROM TUBERCULOSIS 


Haroup L. Raxov, M.D..* anp J. Srorriswoop Taytor, M.D.4 
KINGSTON, N. Y. 


INTRODUCTION 


ONATHAN HUTCHINSON! in 1875 was the first to call attention to a pe- 
J eculiar malady of the skin in a woman named Mortimer which was charae- 
terized by granulomatous infiltration and which he referred to as Mortimer’s 
malady. Besnier,? fourteen years later, reported similar and more detailed 
clinical observations of this disease, but it was not until 1899 that Caesar Boeck 
recorded the pathologic histology of these granulomatous lesions and described 
an associated Iymphadenopathy. Many subsequent investigators frequently 
mentioned that the cutaneous lesions were accompanied by widespread adenop- 
athy, dactylitis, and roentgenographie changes in the fingers and_ toes, yet 
Kuznitzky and Bittorft in 1915 were the first to demonstrate conelusively dif- 
fuse sarcoid lesions and to establish definitely Boeck’s sarcoidosis as a general- 
ized pathologic process. Although their observations have been corroborated 
many times, the disseminated character of the disease is still far too often not 
appreciated. 

Practically every organ in the body may be involved, but lesions occur most 
frequently in the skin, lymph nodes, bones of the hands and feet, and in the 
lungs. The skin eruption, as described by Boeck, is usually widespread, sym- 
metrical, nodular, pigmented, and infiltrative but never ulcerative. It affects 
usually the face, ears, nose, and extensor surfaces of the extremities. The 
adenopathy may be generalized or limited, superficial or deep seated; it often 
occurs in persons who never develop lesions in the skin. When the enlargement 
of the lymph nodes is confined to a single group, the condition is usually diag- 
nosed as tuberculosis and may even be considered Hodgkin’s disease or lympho 
sarcoma. Frequently the earliest signs and symptoms are referable to the lungs 
where roentgenologically there may be observed a marked bilateral and sym 
metrical enlargement of the hilar and peribronchial Ivmph nodes, a soft in 
filtration resembling caseous pneumonie tuberculosis, and often a peculiar basilar 
infiltration suggesting miliary tuberculosis. In spite of such marked roent 
genographic involvement, the clinical manifestations of pulmonary disease ar 
exceedingly few, since only a mild febrile reaction accompanies transitory chest 
pains and a slight nonproductive cough. Hemoptysis does occur, but it is rar 
*From the Kingston Hospital. 


+From the City of Kingston Laboratories. 
Received for publication, January 15, 1942. 
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The alterations in the bones of the hands and feet have been described ade- 
quately roentgenologically by Kienboek*? and Jiingling® as punehed out or 
reticulated areas of rarefaction in the medulla of the phalanges, with no in- 
volvement of the periosteum and joints. 

In extensive studies of the blood Harrell’ found definite increases in the 
content of ealeium, protein, and phosphatase, but normal values for nonprotein 
nitrogen and phosphorus. In his series of cases Benee-Jones protein was usu- 
ally present. In addition there were an inereased sedimentation rate of the 
erythroevtes, a low or normal white blood cell count with neutropenia, eo- 
sinophilia, and relative monoeytosis. 

The disease occurs usually in early adult life and is generally benign, but 


9 


it has been the eause of death in a few instances.* ° In Longeope and Pierson’s'® 
group and in Harrell’s series Negroes predominated. Although for years it has 
heen felt that the disease was related to tuberculosis, no investigator has been 
able to isolate the tubercle bacillus from the lesion or through animal inocula- 
tion. At present it is almost universally agreed that the etiology remains ob- 
scure. That the disease does oeeur without any abnormalities of the skin has 
heen demonstrated by many observers. It was absent in three of Harrell’s 
eleven cases, while 50 per cent of those published by Longcope and Pierson 
failed to show cutaneous lesions. We are presenting three patients with Boeck’s 
sarcoidosis, in none of whom at any time did skin manifestations appear. In 
two of our cases the lymph nodes in loealized regions only were clinically af- 
fected, while in the third case there was widespread involvement of the lymph 
nodes, and in addition lesions of the liver and lungs. The failure of clinicians 
to consider Boeck’s sarcoidosis in the differential diagnosis of the lvmphad- 
enopathies and also the failure of roentgenologists to include this disease in the 
differential diagnosis of pulmonary changes resembling tuberculosis, but which 
eannot be proved to be such by any of the many laboratory proceedures now 
available for this purpose, are emphasized. Moreover, these cases show how 
easily the histologic picture may be misinterpreted by the pathologist who is 
not familiar with it. 
CASE HISTORIES 
CASE 1.—K. G., a 38-year-old white woman, had at the age of 12 years a lump in her 
neck which first appeared at the angle of the jaw on the right side. It reached the diameter 
f 1 em.; it was painless and unassociated with any systemic manifestations, such as fever, 
loss of weight, ete. This lump persisted apparently unchanged for twenty years, until at the 
ige of 82 it began to enlarge without any detectable lymphadenopathy elsewhere. At that time 
here were no accompanying signs of systemic disease, yet a tonsillectomy was deemed ad 
isable and was performed six months later, on Mareh 28, 1935. Because no appreciable 
ffeet was noted upon the enlarging mass in the neck following the operation, the mass was 
xtricated on April 29, 1941. At operation a firm, encapsulated oval mass, 8 by 2 em., was 
und lying beneath the superficial fascia of the neck, near the right carotid artery at the 
gle of the jaw. No alterations in the near-by lymph nodes were found, and nodes were 
ot palpable elsewhere. 
Upon gross section the incised mass appeared to be composed of lymphoid tissue sur 
uinded by a well-defined capsule. The cut surface was nodular and did not conform exactly 
the picture of a merely hyperplastic lymph node. Microscopie examination revealed a 
mph node, largely occupied by tubercle-like lesions composed of epithelioid cells among 
hich there were small 


giant cells, not arranged in typical tubercles, At no place could 
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easeation be found. Minute foci of necrosis were present but extended search resulted in 
failure to demonstrate any acid-fast bacilli. The changes, on the other hand, were typical 
of those found in Boeck’s sareoidosis (Fig. 1). These findings stimulated roentgenologie ex 
aminations of the chest and of the bones of the hands and feet, yet no evidence of generalized 
Boeck’s sarcoidosis could be found. The skin reaction to tubereulin in a dilution of 1:1,000 
was negative, and there was never any drainage from the biopsy incision. Finally, the tonsils 
removed five years previously were re-examined in a series of sections, and a single sareoid 
in one tonsil was found which was not evident in the routine sections (Fig. 2). Unfortunately 
we cannot say whether or not this is the tonsil from the same side as the excised lymph node 
from the neck. 





CASE 2.—J. C., a 27-year-old white man, a member of the Kingston Fire Department, 
had noted a swelling of the right axillary region for six months; the mass was not painful. 
He was never ‘‘feverish’’ and had not lost weight. On November 15, 1939, a mass, 6 by 5 
by 3 em., was excised as well as three smaller oval structures resembling lymph nodes. All of 
these masses were well encapsulated and upon gross section showed slightly yellowish, minutely 
lobulated cut surfaces without evidence of softening or caseation. Microscopically, numerous 


oa) 


lesions resembling so-called ‘*hard tubercles’’ were found, and these consisted of large epithe- 
livid cells in clusters but were devoid of typical Langhan’s cells or caseation which charae- 
teize true tubercles. A few of these lesions did contain giant cells. No acid-fast bacilli 
could be found in the lesions, but in spite of these observations recorded at the time of the 
orcinal examination, a diagnosis of tuberculous lymphadenitis was made. Not until one 
year later was the diagnosis questioned by the attending surgeon, who failed to observe other 
cloeal signs or symptoms of an acid-fast infection. Upon re-examination of the sections 
in the light of recently acquired experience with the lesions of Boeck’s sarcoidosis, it became 
cl-ir at once that the original diagnosis was in error and that the changes were typical of the 
latter condition (Fig. 3). 
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Subsequent to the submission of a revised pathologic report, roentgenologic examination 


of the chest and of the bones of the hands and feet failed to demonstrate any changes, includ 


ing those of generalized Boeck’s sarcoidosis, and intradermal tubereulin in a dilution of 


1:1,000 


ave no reaction. 
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Fig. 4. 


CASE 3.—G. E., a colored man, 31 years old, had been in excellent health all his hi 


except for the usual childhood diseases until he became aware of an increasing dyspnea upo! 


exertion early in January, 1935. Finally the dyspnea became so marked when at rest that 


it Was necessary to hospitalize him on January 16. Upon admission to the Kingston Hospit 


the positive findings were those of marked dyspnea while lying in bed, pain and tendern 
over the abdomen, more particularly in the gall bladder region, and changes in the lungs 
vealed only by roentgenograms. These latter changes were thought to be the result of eit! 
bronchopneumonia or miliary tuberculosis, in spite of normal temperature, no increase in 
pulse rate, and the failure to demonstrate specifie incitant organisms in the sputum at 
exhaustive search. There was a normal blood picture with perhaps a slight relative lymp! 
cytosis. During two weeks’ stay in the hospital he was afebrile, the pain in the abdon 
subsided, and the dyspnea was relieved. A few days after discharge the pains reeurred 
were accompanied by ‘‘indigestion.’? The liver was now slightly enlarged and exquisitely 
tender. Upon readmission to the hospital the temperature was 100.2° F. and the pulse rate had 


increased to 108. No evidence of disease of the gall bladder and 


shown by x-ray studies and many other laboratory procedures. He became more comforta! le 


upon the administration of sedatives and was discharged a few days later with a diagnosis 


of hepatitis. 


During another admission in March of this same vear an exploratory laparotomy yiel 


no additional information. The liver was large and bluish gray, and the gall bladder S 





gastrointestinal tract ws 
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drained. Recovery from the operation was uneventful, but because of persistent changes in 
the lungs suggestive of tuberculosis, the patient was referred to the out-patient department 
of the Ulster County Tuberculosis Hospital. Later, owing to the difficulty in confirming 
a diagnosis of tuberculosis, he was admitted to this hospital for more intensive study. The 
observations of Dr, George Weber were most interesting: ‘*'The physical findings and x-ray 
plates (Fig. 4) seem to show a tuberculous process of the caseous-pneumonic type, involving 
chiefly the middle and lower lobes of the right lung with some spread to the left side. An 
enlarged mediastinal shadow, which looks like tumor growth, cannot be explained on the basis 
of tuberculous involvement in an adult.’’ The sputum never yielded acid-fast bacilli, and 
several guinea pigs inoculated with sputum remained well, The general condition of the 
patient was always good, and there was a steady gain in weight. Upon discharge from the 
Tuberculosis Hospital, Dr. Weber further recorded that there was grave doubt of the diag 


nosis of pulmonary tuberculosis, but no other disease process suggested itself, 


About the time the patient left this hospital, enlargement of lymph nodes over the 
y began and they increased in size rapidly. This lymphadenopathy was accompanied by 
loss of 30 pounds in weight. One node was removed from the inguinal region on October 
1935, measuring 10 em. in its greatest dimension. Enlarged glands were also present 


the neck, postauricular and epitrochlear regions, and in the axillae. Histopathologic 


lies revealed lesions which resembled tubercles of the so-called ‘‘hard’’ variety in which 


acid-fast bacilli could be found after extensive search. In spite of this failure to find 
organisms a diagnosis of tuberculous lymphadenitis was submitted, 

Because of the loss of weight, glandular enlargement, and a histologic diagnosis of 
rculous lymphadenopathy, the patient was kept in the out-patient clinie at the Tuberculosis 
pital. 
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Early in January, 1936, acute abdominal pain and distress began and increased in se- 
verity over a period of four weeks, after which time a second laparotomy was done at the 
Kingston Hospital. The liver this time was found to be far larger than upon the previous 
laparotomy, and its edge extended 10 to 12 em. below the costal margin, It was studded 
with innumerable grayish-white nodules, most of which were only a few millimeters in di 
ameter. Great enlargement of the perigastric lymph nodes was also seen, One of these lymph 
nodes and a small piece of liver containing one of the small nodules were removed for micro 
scopie examination. Again the histologic diagnosis was tuberculosis involving the liver 
(Fig. 5) and perigastric nodes (Fig. 6), even though no acid-fast bacilli could be found 


in the lesions and macerated tissue injected into guinea pigs produced no disease. 
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Following this last operation and without specific therapy of any sort, the patient began 
to improve rapidly. During the period from February 16, 1936, to August 16, 1940, the clinical 
manifestations of the disease practically disappeared. He has been working for almost five years 
at his regular occupation as day laborer and feels entirely well. Early in August, 1940, inocul 
tions of old tuberculin were done intracutaneously for the first time, in dilutions varying fron 
1:100,000 to 1:100, and yielded questionable reactions only in the lowest dilution. In Jun 
1941, small lymph nodes, barely palpable, were the only residual manifestation of the disea 
while roentgenograms revealed complete resolution of the pulmonary and mediastinal chang 
previously observed, and no changes in the bones of the hands and feet could be dem: 


strated. Chemical examinations of the blood showed normal levels for caleium, cholesterol, 
total protein, and an albumin-globulin ratio of 2.75. No Bence-Jones protein was ever fot d 


in the urine. 
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COMMENT 


Although Hutchinson, Besnier, and Boeck described this malady as a der- 
matologie affection, it became evident to subsequent investigators that the 
cutaneous manifestations were merely part of a diffuse systemic disease of a 


granulomatous nature. Moreover, it is now clear that this skin eruption not 


only may not be prominent but often does not appear at all. Schaumann!! in 


1914 mentioned the possibility of the disease pursuing a concealed existence in 
the lymphatic and internal organs without giving rise to skin lesions, and that 
in all probability the skin was attacked in comparatively rare instances. Our 
cases demonstrate a predilection for the lvmphatie system without skin man- 
ifestations and afford additional evidence of the validity of Schaumann ’s original 
assumption. 

In the light of present knowledge it is difficult to accept our first two cases 
as instances of isolated glandular involvement. With the limited clinical means 
of exploring the body, obscure involvement of other Ivmphatie structures might 
well have been present. Although a thorough clinical examination of the 
peripheral glands and radiographic studies of the chest revealed no evidence of 
adenopathy, it has been pointed out that histologic examination of the clinically 
normal appearing Ivymphatie structures will often reveal sareoids. Thus in 
Case 1, only after re-examination of a series of sections of tonsils removed five 
years previously was a single miliary sarcoid demonstrated. Unfortunately, 
since no further studies were permitted, we were unable to observe the histology 
of nonpalpable glands or tonsils of Case 2. 

The third case presented many signs and symptoms of a disseminated 
tuberculous process. There were slight fever with cough, weight loss, enlarge- 
ment of the cervical, axillary, inguinal, mediastinal, and mesenteric lymph nodes, 
as well as pulmonary parenchymal infiltration of a caseous pneumonie type, and 
marked enlargement of the hilar shadows. Lesions in the liver and perigastrie¢ 
lymph nodes were found which resembled tubercles of the ‘‘hard’’ variety. Skin 
manifestations were absent, the tuberculin reactions were not significant, and 
tuberele bacilli could not be found in the sputum or excised tissues. The sub- 
sequent clinical course proved the diagnosis of miliary tuberculosis to be ineor- 
rect, and re-examination of the extirpated glands established the true diag- 
nosis. Since generalized Boeck’s sarcoidosis is usually a benign, nonfatal dis- 
case, there is no doubt that many reported cures of miliary tuberculosis are in 
‘act instances of recovered sarcoidosis. 

In this connection it is recalled with a great deal of interest by one of us 

ow Dr. William S. Thayer at one time was thoroughly convineed that he had 

observed a case of miliary tuberculosis which eventually recovered. A biopsy 
the skin in his case revealed lesions which he and the pathologist interpreted 
; tubercles, but in which no acid-fast bacilli could be found. He was never 
lite satisfied that exhaustive search might not have revealed the presence of 
iberele bacilli, and often regretted that animal inoculation had been rendered 
eless because of the fixation of the specimen before it reached the pathologie 
)oratory. 
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The true nature of the lesions has not been appreciated by many trained 
observers even though numerous descriptions of the histologic pathology have 
been recorded. Boeck mentioned sharply circumscribed foci of ‘‘new growth’’ 
composed of epithelioid connective tissue cells with giant cells of ‘‘sareomatous”’ 
nature. Schaumann” in 1924 characterized the lesions as sharply circumscribed 
epithelioid tubercles without necrosis and very little lymphoid reaction. Nicker- 
son'® believes the following findings are of assistance in differentiating sareoid 
from tuberculosis: (1) Caseation is never present. (2) The giant cells are 
different from those seen in tuberculosis. (38) Lesions in tissues other than the 
lungs do not contain carbon pigment. (4) In the liver the lesions are most 
numerous in the portal triads, with only a few in the mid-zones of the lobules. 





In miliary tuberculosis the reverse is true. (5) With silver impregnation, deli- 
cate reticulum is always present in the lesion. In tuberculosis this is destroyed 
by the onset of caseation. 

In our experience we have found it exceedingly difficult to differentiate 
sarcoidosis from truly noneaseating tuberculosis which even to the present tim« 
are not considered separate entities by some careful students of tuberculosis 
(Pinner'*). However, recently our studies on the cases herein reported hav: 
convinced us that sarcoidosis is not an unusual form of tuberculosis but rathe 
a distinct disease entity whose etiology is still obscure. The reasoning of Pinne 



















RAKOV-TAYLOR: SARCOIDOSIS 1293 


is interesting but not convincing. Often the problem confronting the pathologist 
is impossible of solution by mere histologic examination, vet there is a pattern 
presented by the sarcoid lesions to one who is familiar with them that enables 
him to distinguish the sarcoid from the noneaseating tuberele. Every student 
of sarcoidosis has recognized the absence of caseation and the slight peripheral 
lymphocytic reaction about the sareoids, vet in a given true noneaseating 
tubercle a similar situation often obtains. Each attempt thus far to point out 
the distinguishing features between the sareoid and the noneaseatinge tubercle 
has failed to convey in words what may readily be seen in sections. Our at- 
tempt perhaps also is futile, but it seems to us that the epithelioid cells in the 
individual sareoid are usually larger and more cuboidal and that the individual 
sarcoids do not fuse to produce a conglomerate sarcoid in the manner that pri- 
mary tubercles produce the conglomerate tubercle. The size of the giant cell, 
as well as the position and number of their nuclei, throw little light on the diag- 
nosis. It can be seen in Fig. 7 that typical Langhan’s giant cells may be present. 

We uree those pathologists who do not vet recognize these sareoid lesions 
to study all their cases of noncaseating tuberculosis with this disease in mind. 
Doubtless many clinicians, as well as pathologists, will need to observe a recov- 
ered case of ‘‘miliary tuberculosis,’*” as was true with us, before they are con- 
vineed that the elinieal-histologie picture is not that of tuberculosis but instead 
that of sarcoidosis. 

We acknowledge our indebtedness to Doctors Fred S. Carr, Douw S. Meyers, and Frank 
A. Johnston for the privilege of studying these cases with them. The clinical observations 


herein recorded are essentially those made by these respective physicians. The photomicro- 
graphs were made by Mr. Lionel B. Herrington. 


REFERENCES 


. Hutchinson, J.: Cases of Mortimer’s Malady, Arch. Surg. 9: 307, 1898. 


Sesnier, E.: Lupus pernio de la faee, Ann. de Derm. 10: 383, 1889. (Quoted by 
Hunter. ) 
Boeck, C.: Multiple Benign Sarkoid of the Skin, J. Cut. & G. U. Dis. 17: 548, 1899. 
Kuznitzky, E., and Bittorf, A.: Boeckseches Sarkoid mit Betheiligung innerer Organe, 
Miinchen. med. Wehnschr, 62: 1849, 1915. 
Kienbock, R.: Zur Radiographischen Anatomie und Klinik der Syphilitisehen Knochen- 
erkrankungen an Extremititen, Ztschr. f. Heilk. (Chir.) 23: 130, 1902. 
Jiingling, O.:  Ostitis Tuberculose Multiplex Cystica (eine eigenartige Form der 
Knochentubereulose), Fortschr. a. d. Geb. d. Roéntgenstrahlen 27: 375, 1919 
1921. 
Harrell, George: Generalized Sarcoidosis of Boeek: Clinical Review of Eleven Cases, 
With Studies of the Blood and the Etiologie Factors, Areh. Int. Med. 65: 1008, 
19-40. 
Spencer, J., and Warren, 8.: Boeck’s Sareoid: Report of a Case, With Clinical Diag- 
nosis Confirmed at Autopsy, Arch. Int. Med. 62: 285, 1938, 
. Tice, F., and Sweany, H.: <A Fatal Case of Besnier-Boeck-Schaumann’s Disease With 
Autopsy Findings, Ann. Int. Med. 15: 597, 1941. 
Longeope, W., and Pierson, J. W.: 3oeck’s Sareoid (Sareoidosis), Bull. Johns Hop- 
kins Hosp. 60: 228, 1937. 
. Schaumann, J.: Lymphogranulomatosis Benigna in the Light of Prolonged Clinical 
Observations and Autopsy Findings, Brit. J. Dermat. 48: 1936. 
12. Schaumann, J.: Benign Lymphogranuloma and Its Cutaneous Manifestations, Brit. J. 
Dermat. 36: 515, 1924. 
3. Nickerson, D. A.: Boeck’s Sareoid—Report of Six Cases in Which Autopsies Were 
Made, Arch. Path. 24: 19, 1937. 
Pinner, M.: Noneaseating Tuberculosis, Am. Rev. Tubere. 37: 690, 1938. 
Hunter, F. T.: Hutechinson-Boeck’s Disease (Generalized ‘‘Sareoidosis’’), New Eng- 
land J, Med, 214: 346, 1936, ; 





CLINICAL CHEMISTRY 
CLINICAL STUDIES WITH THE AID OF RADIO-PHOSPHORUS* 


EARLY EFrrects oF SMALL AMOUNTS OF RapIo-PHOSPHORUS ON BLoop CELL 
LEVELS, UpTAKE, AND EXCRETION 


B. V. A. Low-BEER AND ANNE DE G. TREADWELL 
BERKELEY, CALIF. 


T IS KNOWN that radioactive phosphorus emits 8 rays. Its half life is 14.3 
days. When radio-phosphorus is administered orally or intravenously it has 
been found to localize in certain tissues of the body, namely, bone, bone marrow, 
neoplastic and leucemic tissue.'! For this reason, radio-phosphorus has been used 
as a therapeutic agent in the treatment of leucemia, polyeythemia vera, and 
lvmphosarecoma. Extensive studies concerning the early absorption and distribu- 
tion in blood and the early exeretion in urine of therapeutie doses of radio- 
phosphorus in leucemia and polyveythemia vera and in normal persons have 
been carried out.2 These investigations have established definite patterns of 
response in the three groups in question when moderate-sized therapeutic doses 
are used. No standardization by means of very small doses has heretofore been 
attempted nor have any studies, so far as we are aware, been directed to the 
early effeets of radio-phosphorus on blood cell levels in any of the three groups. 
It is known that x-rays even in small doses produce biological effects long 
before therapeutic responses can be observed.? Such effects occur within the 
first twenty-four hours and coneern fluctuations in peripheral blood levels, of 
red and white cells, reticulocytes, and platelets, and the relationships of cells 
in the differential count. It has been our purpose in the present study to de- 
termine whether internal radiation resulting from intravenous administration 
of radio-phosphorus in small doses elicits similar responses. We have been 
concerned also with the early absorption and distribution in the blood of such 
doses, and with the rate of exeretion in the urine. Attention has been given to 
the influence of previous x-radiation on the early response to radio-phosphorus, 
and we have attempted to differentiate between the effect of inert phosphorus 
and its radioactive isotope. Finally, we have observed the spontaneous fluctua 
tions of blood cell levels over a period of three hours in some of the eases here 
presented. 
The dose chosen was approximately 500 microcuries. Assuming a total bod) 
weight of 60 to 65 kg. and an even distribution of the radioactive metabolite 
there would be 0.006 to 0.009 microcuries P*? per gram of body weight. W« 


have arbitrarily ealled this a ‘‘threshold dose’’ for two reasons: First, in orde} 
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to distinguish it from tracer doses used in animal experiments*; and second, 
because the biological effects are transitory and thus differ from so-called 
therapeutic effects. 

The subjects have included apparently healthy persons and patients with 
various types of leucemia and with polyeythemia vera. 


METHODS 


Radioactive phosphorus was produced in the 60-inch eyelotron® by the 


bombardment of red phosphorus which was then transformed into isotonic 


Na,HPO, solution containing 15 me. of the compound per cubie centimeter. 
Subjects came to the laboratory in a fasting condition. Prior to the injection a 
blood count was made. This was repeated hourly for the first three hours after 
injection and at twenty-four hours. Withdrawal of 15 to 20 ¢.e. of blood by 
venipuncture was done at hourly intervals for the first three hours after in- 
jection and at twenty-four hours for the normal persons and for some of the 
patients. In one group of cases urine was collected at hourly intervals during 
the first three hours and at twenty-four hours. 

One group of three leucemia patients prior to receiving any radio-phos- 
phorus were given intravenously 3 ¢.c¢. (45 meg.) of inert NaJHPO,. Counts 
were made on these patients prior to injection and at hourly intervals for the 
first three hours and at twenty-four hours. A second group of patients was ob- 
served over a period of three hours for spontaneous fluctuations in blood cell 
levels. 

The counts included: hemoglobin by the Osgood-Sahli method; red and 
white cell counts; platelets and reticulocytes by the cover slip method, using 
1 per cent brilliant cresyl blue in 3.8 per cent sodium citrate. Smears were 
stained by the Wright-Giemsa technique, and at least 200 cells were enumerated 
for each differential count. The blood withdrawn from the veins was heparin- 
ized, cooled, and centrifuged for twenty minutes at 1,450 ~ gravity to insure 
constant volume. The plasma was removed, the buffy coat was aspirated, sus- 
pended in Riger’s solution, and centrifuged again for twenty minutes at 1,450 
x gravity." Finally the red blood cells were aspirated. 


Materials for radioactive assay were measured, dried at 90° C., and as- 
sayed in a standard DuBridge electrometer and compared with a uranium 
standard. The amounts measured did not exceed 20 to 30 mg. per square 


centimeter, and, therefore, no correction for B ray absorption is necessary. 
RESULTS 


Spontaneous fluctuations were negligible for all aspects of the blood count 
for each of the three patients observed. These included one case of chronic 
myeloid and two eases of chronie lymphoid leucemia. The other results are 
summarized in Tables I, II, and III. 

The effects of inert Na,HPO, on two patients with chronie lymphoid leu- 
cemia and one with chronie myeloid leueemia are shown in Table I. The ease 
of F. B. was characterized by only very slight elevation of the total white blood 
cell count, but this was made up almost entirely of lymphoid cells many of 
which were immature forms. The platelet count was very low from the outset, 
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None of the elements of the blood count exhibited any significant change. The 
ease of chronic myeloid leucemia, which had been treated with x-rays up to three 
weeks before admission, exhibited some lability of the white blood cell count, 
possibly attributable to x-rays. 

Cases 1, 2, and 3 of Table II show the typical hematologie response to 500 
microcuries of P*? in three healthy persons. In all these subjects the platelets 
show marked deviations from the original levels during the first three hours. 
The shapes of the curves are the same in all three cases. There is a deviation be- 
yond physiologic limits in the red blood cell count and hemoglobin, and this 
is closely correlated with the response of the reticulocytes. The total white 
blood cell count in all these eases remained unaffected. 

Cases 4 through 10 of Table IIT show hematologie responses in lymphoid 
and myeloid leucemia patients. There is a definite effect on all elements of the 
blood count in these cases with the exception of the total white blood cell count 
of Case 4. Here it will be noted that the initial level of the white blood cells 
was only slightly elevated above normal. The platelet count in this case, which 
was unaffected by inert Na,HPO,, shows a definite rise and fall similar to those 
of the other cases of this group. The early radiation effeet on the reticulocytes 
is especially pronounced in Cases 7 and 9. In all cases the point at which the 
reticulocyte level is at maximum the platelets are at minimum. 

Cases 11 through 18 of Table II show hematologie responses in poly- 
eythemia vera. The red blood cells and the hemoglobin are the elements most pro- 
foundly affected, although all elements show some lability. The deviation of the 
reticulocytes is downward. The platelet count is markedly changed, but there 
seems to be no pattern of platelet response characteristic for this condition. 

Case 14 of Table II shows the hematologic response in one case of poly- 
eythemia vera with leucemoid reaction. It would appear from this case that 
the typical responses of leuceemia and polyeythemia patients are here combined, 
with lability of the red blood cells, white blood cells, and platelets, and the 
reticulocytes exhibiting an upward trend. 

Cases 1, 2, and 3 of Table III illustrate rates of uptake in three normal 
persons. The maximum excretion is approximately the same in all cases and is 
reached in all within the first three hours. Case 2 exhibits a somewhat higher 
uptake by white blood cells than the other two cases in this group. This may 
well be correlated with the somewhat higher level of the total white blood cell 
count in this person. 

Cases 4, 5, 7, 9, 10 of Table IIT illustrate rates of uptake in leucemia pa- 
tients. In Case 5 the utilization of phosphorus by white blood cells is in keep- 
ing with the excessive white blood cell proliferation as opposed to Case 4 where 
the total white blood cell count was never higher than 20,000. Case 9 shows a 


strikingly high uptake of phosphorus by white blood cells, despite the relatively 
low total white blood cell count. This may be explained on the basis that the 
differential count in this ease consistently showed 85 to 90 per cent myeloblasts. 
It has been shown by Marshak® that cells in the early stages of mitosis are the 
largest consumers of phosphorus. Case 4 with a relatively low total white blood 
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TABL! it 
UTILIZATION AND ExcRETION OF P PI 
WHOLE BLOOD R. B.C, 
CASE 1] wR. 2 HR. 3 HR. 24 HR. 1 HR. 2 HR. 3 HR. 24 HR. i Hk. 
pwc | %ilpc | Zico] % ipo | Z ipo |] @ ipo] % ipo | % luc | BM Iec | 2% " 
C.F. Cc. c.f Co Cc Cc. Cc. c.c. Cc. 
1. D. V. N. Normal OO8 1 1610) 0094 1880) OO81) 1610) 0061 12201 0011) 0221) 0106) 2120) 0139) 2780) 0131) 2620] 0192 3840 0: 
Male 46 yr 
2. R. M. Normal 0094 | 1879) 0090 | 1799) 0080) 1785) 0212 | 4240] 0108) 2159) 0134) 2680) 0146) 2925) 0119) 2382] 0318) 6370 v 
Female 38 yr 
3. F.V.N. Normal | 0125 | 2501) 0126 | 2521) 0187) 3730! 0077 | 1541] 0113) 2262) 0141) 2821) 0120) 2401) 0127) 2539] 0165) 3302 . 
Female 20 yr 
4. F. B. Chronic 
lymphoid 0) 
leucemia 0084 1681) 0072 | 1442) 0095) 1901) 0043 | O8601 OO88) 1759) 0106) 2119 0099) 1980) 0059) 11791 0316) 6310 i 
Male 40 yr 
5. L. C. Chronie 
lymphoid (0) 
leucemia OO84 | 1621) 0074 1432) 0063) 1219 0052 | 09851 OO84) 1621) 0095) 1800 0095) 1800) 0095) 180CP 0286) 5502 F 
Male 52 yr. 
7. A. W. Chronic 
myeloid 0): 
leucemia OC894) 1891) 00824) 1742 00282) 05971 0020) 0423) 00821736 0062) 1310} 0821 1.7390 
Female 12 yr 
9. O. H. Subacute 
myeloid - 
leucemia 0030 | 06386 0018 | 08381) 0018 0881) 0009 | 019110040) 0884!) 0042 0889) 0052). 1010) 0036) 0764] 1150 2 440 
Male 26 yr 
10. P. P. Chronic 
myeloid 00 
leucemia 0087 1735) OO77 1541) 0052) 1080) 0052 1030] 0095) 1901) 0105) 2010) 0107) 2013) .0104) 2080] 0097 1941 
Female 32 yr 
Recent x-ray 
11. G. Polyeythemia 04 
vera 0303 4001 A309 4102) 02090! 2790) 0172 2998) 0296) 3940) 0362) 4803) 0391) 5202) 0302) 4061} 0464 H180 
Male 37 yr 
14. H. H. Polycythe- 
mia with leuce 04 
moid reaction 0247 1300) 0216 38340) 0213) 3780) 0275 4700] 0066). 1172) 0259) 4699) 0229) 4062) 0251) 4449] 0617/1 064 
Male 65 yr 
Previoustreatment 
with P 











cell count shows a high level of exeretion at the first hour, while the excretion 
rate of Case 5 with over 100,000 cells (white) reaches its peak at the third 
hour. The excretion of Case 7 is considerably lower than that of the normal 
persons or of the other patients in this group. This would seem to be in aecord 
with the progressive uptake of phosphorus by newly forming white cells. 
Case 11 of Table III shows uptake in a case of polyeythemia vera. The red 
blood cells here show the highest uptake of phosphorus during the twenty-four- 
hour period of any of the groups studied. The difference between this ease and 
the normal person in this respect, however, is very much less than the difference 
demonstrated between polyeythemia and leucemia. The work of Erf and 
Lawrence*” indicates that the uptake of phosphorus by red blood cells is the 
same in normal persons and polycythemia patients at the twenty-four-hour point. 
These authors extended their observations beyond the first day, and their results 
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W.B.C. 
2 HR. 3 HR. 
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0218) .4352) 0134) 2681 
0251) 5001) 0051 1019 
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1 0087) .1735).0061) .1221 
0433! .5770| 0238} 3181 
kU 
F 0492) 8730) .0601/1.069 





showed an increased uptake by red blood cells in one case of 
at the forty-eight-hour point. It appears that no real basis of comparison ex- 
ists for these findings and those of the present study for the following re: 
the uptake curves, namely, the twenty-four-hour period, is 


PER CENT OF DOSE PER 100 ©€.¢. 


24 HR. 1 HR. 
pC % (LC w/ 
Cc Cc ¢ 

0313) 6251} 0094. 1880 
0134) . 2681} 0094) 1880 
0114, 2280] 0110) 2220 
0127) 2539] 0046, 0921 
0461, 8748} 0020) 0379 
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0230; 4590] 00631261 
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One point only in 


common to both investigations; the doses of radio-phosphorus 
salt in which they were incorporated ) used by Erf and 
1 in both 


in 


eroups the doses are considerably 
finally the total number of cases observed in both studies is too 
The pos- 


in this study ; 
small to rule out the existence of individual differences in response. 
sibility that the red blood cells in polveythemia vera utilize r 
suggests that investigations 


milligrams of 
Lawrence are different for the patients and for the normal persons an¢ 
larger than the ‘‘threshold amounts’’ used 
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PLASMA 
2 HR. 3 HR. 
eC |S (LC ; 
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0054. 1079) 0621 | 042( 
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polyeythemia patients, in the hope of establishing conclusively the uptake pat- 
In the case here presented the excretion rate is corre- 
lated with the uptake phenomena and the curve is, therefore, lower in degree and 
opposite in trend from the exeretion curves of healthy persons and leucemia 
OvN 
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Fig. 1.—Hematologic 


Case 14 of Table III shows uptake in the case of polyeythemia with leu- 
cemoid reaction. 
contrast to all other eases studied, and is no doubt accounted for by the high up- 


response of normal 


take of both red and white blood eells. 


persons to 500 microcuries 


venously. 


The gradual increase in total activity of whole blood is in 
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P32 administered intra- 
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leucemia patients in direction but differs in degree by reason of increased re- 
tention of radio-phosphorus by the blood. 

With respect to the differential count, all the leucemia patients showed a 
slight increase in primitive cells (absolute numbers) during the twenty-four- 
hour period. This tendency did not appear in the polyeythemia patients, al- 
though a few primitive cells were present in all these cases. The polyeythemia 
patient with leucemoid reaction showed a decrease in primitive cells. There were 
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Fig. 2.—Typical early hematologic response of leucemia patients to 500 microcuries of P* ad- 
ministered intravenously. 


no shifts in the relationships of granulocytes and agranulocytes in any of the 
leucemia patients. The polycythemia patients showed a transitory increase in 
the relative number of lymphocytes during the first three hours. 

The three normal persons showed no primitive cells at any time. Shifts in 
the relationships of other cells occurred, the most consistent being a transitory 
reduction in the absolute number of lymphocytes. 
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DISCUSSION 


The results show that radio-phosphorus in amounts of 0.006 to 0.009 micro- 


curies per gram of 


body weight produces early radiation effects. These biological 


effects of very small activities of radio-phosphorus again indicate the importance 


of determining the 


‘*safe tracer dose’’ for each biological system studied.t The 


dose of radio-phosphorus used in these studies has been termed arbitrarily a 


‘*threshold dose.’ 


Experience in this study indicates that the actual threshold 


dose is individually conditioned by such factors as previous treatment and rate 


of cell production. 





Because of the known metabolic changes in leueemia and 
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polveythemia, knowledge of the basal metabolic rate might aid in predicting 
accurately a specific ‘‘threshold dose.’ 

Group differences in uptake and excretion indicate the early funetion of 
the homeostatic mechanism in effecting an immediate distribution of P* to the 
blood elements of highest metabolic rate. The excretion rate in normal per- 
sons is accordingly appreciably higher than in any of the patients. 


SUMMARY 


1. A threshold dose of radio-phosphorus has been arbitrarily defined. 


2. Such a dose administered intravenously causes a definite ‘‘early radiation 


effect’? on blood cell levels which is characteristic for each of the following 
groups: healthy persons, leucemia patients, and polvevthemia patients. 

3. This ‘‘early radiation effect’? is further conditioned by the rate of cell 
production and by previous radiation treatment. 

4. The uptake of P*? in the fractions of the blood and the rate of its ex- 
eretion are roughly characteristic for each of the three groups. 


We wish to express our appreciation to the staff of the Radiation Laboratory for their 
generous cooperation in providing the supply of radio-phosphorus used in this study. 

The suggestions and criticisms of Dr. John H. Lawrence are gratefully acknowledged. 
One of us (B. V. A. L-B) wishes to express his appreciation for the privilege of taking part in 
this work at the Radiation Laboratory. 
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CHANGES IN THE CREATININE CLEARANCE AND URINE FLOW 
OF THE DOG DURING FEVER* 
Henry J. NicHoues, PH.D., BEN L. Boynton, M.D., AND 
RAYMOND (C. Herrin, PH.D., M.D., Mapison, Wis. 


N 1931 Goldring’ reported that the urea clearances of human patients were 

usually higher in the acute febrile stage of rheumatie infection than the 
highest observed normal. He interpreted this as indicating a state of renal 
hyperfunction during the aeute stage as a response to the demand of increased 
protein catabolism. In 1934 Grant and Medes? reported that the creatinine 
clearances of a large number of human patients with fever caused by infection 
were considerably higher when the body temperature was 38.9° C. or more, than 
when the temperature was between 36.7° and 37.1° C. 

Grant and Medes? also reported that the creatinine clearance of normal un- 
anesthetized dogs was increased after elevation of the body temperature by heat- 
ing with conventional diathermy. But in the same year Page*® reported that no 
significant change was observed in the urea clearances or in the urine flow of 
normal human subjects and patients with kidney disease during or after con- 
ventional diathermy. Farr and Moen* reported that the average urea clearance 
of rheumati¢ patients, placed in a cabinet heated by carbon filament lamps, with 
only the head and neck protruding, was 62 per cent of normal while the body 
temperature was rising and 75 per cent of normal when the body temperature 
was at a maximum of 104.8° to 106.7° F. Severe oliguria occurred in two ex- 
periments even though large quantities of water was given orally. 

A new method of producing heat in tissues by high-frequency electro- 
magnetic induction was introduced in 19384 by Merriman, Holmquest, and Os- 
borne.” Mortimer and Osborne® found that during elevation of the body tem- 
perature of anesthetized dogs by this method, with the coil about the thorax, 
there existed a definite thermal gradient from the skin, which was heated to the 
highest temperature to the deeper tissues. The temperature of organs lying 
outside the short-wave field was elevated to a lesser degree. After heat induction 
was discontinued, the rectal temperature continued to rise for a short time while 
other parts of the body lost heat, showing that the heat was widely distributed 
by the circulation of the blood. Karr and Nassett’ have elevated the body tem- 
perature of dogs, anesthetized with sodium amytal, to as much as 42.8° C. over 
a period of six hours by electromagnetic induction, during which time urine was 
collected by means of ureteral cannulae in hourly periods. They reported a de- 
crease in total nitrogen excretion roughly parallel to the decrease in rate of urine 


*From the Department of Physiology, University of Wisconsin, Madison. 

This study received financial support by grants from the Wisconsin Alumni Research 
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flow, and found that oliguria and anuria were almost invariable sequelae to 
hyperthermia carried to 42° C. or higher. The blood pressure of their animals 
remained at a relatively high level until just prior to their death. 

In 1938 Chasis, Ranges, Goldring, and Smith® reported that hyperemia of 
the kidneys occurred in human subjects during typhoid vaceine pyrexia. In the 
typical example they present, intravenous injection of 75 million organisms was 
followed in a few minutes by chills and a slight fa!l in body temperature, with 
a slight decrease in the inulin clearance. Within half an hour the inulin 
clearance increased about 10 per cent above normal and remained at that level, 
while the body temperature slowly increased over a period of six hours to a 
maximum of 6° F. above normal. Smith and his associates’? have produced 
hyperemia of the kidneys of human beings by the intravenous injection of pyro- 
genie inulin. In the typical example presented, the body temperature began 
to inerease slowly about an hour after administration of 80 mg. of pyrogenic 
inulin, and thirty minutes later the renal blood flow increased about 40 per cent 
and the inulin clearance inereased about 50 per cent. The renal klood flow re- 
mained 40 to 50 per cent above the control level, and the inulin clearance varied 
between 10 and 50 per cent above the control level, while the body temperature 
increased slowly to a maximum of 4° above normal in a period of three hours. 

This paper is a report of the effect of body temperature elevation upon 
the plasma creatinine clearance in unanesthetized dogs. The hyperthermia was 
produced by high-frequency electromagnetic induction, or by conventional 
diathermy, or by the intravenous injection of typhoid-paratyphoid vaccine, or 
by exposure to a current of cold air in a cold room. 


EXPERIMENTAL PROCEDURE 


Female dogs, trained to lie quietly during catherization, vascular puncture, 
and heating, were used in the postabsorptive condition, sixteen to twenty-four 
hours after the last meal. Water was given by stomach tube in three or four 
doses before the first collection period in order to produce a urine flow of 
2 to 5 @e. per minute, and enough creatinine was given orally in order that the 
plasma ereatinine should seldom fall below 10 mg. per 100 ¢.e. The bladder 
was washed twice avith 20 ¢.c. of sterile 1 per cent sodium chloride solution be- 
fore the first and at the end of each collection period. Approximately in the 
middle of each period enough blood was drawn to yield 1 ¢.c. of plasma for 


nalysis. The plasma proteins were precipitated by means of the acid cadmium 
ulfate method of Miller and Van Slyke.'? Creatinine was determined in the ap- 
propriately diluted urines and plasma filtrates by adaptation of the alkaline 
picrate colorimetric method" to the Evelyn photoelectric colorimeter,'’? with the 


S- 


fo'lowing procedure : 


Four cubic centimeters of a solution containing between 1.600 and 0.080 mg. per 100 e.e. 
of creatinine are pipetted into a dry photoelectric colorimeter tube. Into another such tube 
are put 4 ¢.c. of water, to be used as a blank. With each are mixed 2 ¢.c. of alkaline picrate 
reavent. After fifteen minutes the galvanometer is adjusted to read 100 with the tube of 
blank in the photoelectric colorimeter, using the No. 520 color filter and the No. 6 diaphragm. 
The blank is then replaced by the tube of unknown and the new galvanometer reading is 
recrded. From a table of known concentrations of creatinine and corresponding galvanometer 


ings, the creatinine content of the unknown is found, 
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Rectal temperature was measured at frequent intervals with a standard elinical 
thermometer. In these experiments fever is reported in degrees and tenths of a 
degree of temperature Fahrenheit above the rectal temperature of the dog dur- 
ing the control clearance periods. , 

High-frequency electromagnetic induction was accomplished with a Burdick 
SWD-10 Triplex. The electrie current, with a frequeney of 12 million eyeles per 
second, was conducted through a flexible, heavily-insulated cable, supported by 
hard rubber clips in the form of a helix of three turns about the part of the 
hody to be heated, from which it was separated by additional insulation of four 
lavers of bath toweling. When heat was induced in the head of a dog, the helix 
was just posterior to the eves and about the posterior part of the lower mandible. 
When heat was induced in the region of the kidneys, the helix was obliquely 
about the caudal three or four thoracie vertebrae and the anterior abdominal 
region. When heat was induced in the region of the pelvis, the helix was ob 
liquely about the sacral vertebrae and the middle abdominal region. Two or 
three control clearance periods preceded a twenty-minute period of heat in 
duction, immediately after which the cable and toweling were removed from the 
dog to allow the body temperature to return to normal, during which time there 
were one to six clearance periods. The controls of the apparatus were set to 
give approximately the same power output in each experiment. In two exper'- 
ments a fever of approximately three hours’ duration was maintained by inter- 
mittent high-frequency electromagnetic induction, in which ten-minute periods 
with induction were alternated with ten-minute periods without induction. In 
three dogs the lumbar sympathetie chains and the first sacral ganglia were ex- 
cised and the splanchnic nerves were sectioned in two operations upon each dog. 
In two other dogs the kidneys only were denervated. When the wounds had 
healed, heat was induced for twenty minutes in the kidney region in two, three, 
or four experiments with each dog. In two electromagnetic induction exper'- 
ments upon a normal dog and in one experiment upon a dog with lumbar sym- 
pathectomy, the diodrast clearance was used as a measure of renal plasma flow.” 
The analytical technique of White and Rolf" was used in the determination of 
diodrast iodine in urines and plasma filtrates. 

Conventional diathermy was accomplished with equipment which ineluded 
a Victor spark-gap diathermy machine, made by the General Eleetrie X-ray 
Corporation, and a pair of pad electrodes, each of which was a thin sheet of lead, 
414 by 8% inches in size, covered by several layers of surgieal gauze. An 
electrode was held tightly against each of the shaved sides of a dog between thie 
foreleg and the flank with a pad of toweling, about 1 inch thick 6 inches wide 
and 12 inches long, with several strips of water-proof adhesive tape completely 
encircling the pads and body of the animal. The electrodes and pads were kept 
wet with a 1 per cent sodium chloride solution, and a high-frequeney alternating 
current of 1,500 milliamperes was allowed to flow through the body of the dog 
for one to three hours. There were clearance periods before, during, and aticr 
diathermy. 

After two or three control clearance periods typhoid vaccine pyrexia was 
produced by the intravenous injection of doses of typhoid-paratyphoid vacc ne 
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containing from 25 million to 2 billion killed organisms. The vaccine was ob- 
tained from the Wisconsin State Laboratory of Hygiene. 

Two experiments were made with a dog, in each of which, after three con- 
trol clearance periods in the moderately warm laboratory, the carriage support- 
ing the animal was wheeled into a cold room and a current of cold air was blown 
against the shaved sides and abdomen by means of a large electric fan. After 
about one hundred minutes of such exposure the carriage was wheeled back into 
the laboratory and clearance periods were continued for about one hundred 
more minutes. 

RESULTS 


High-frequency electromagnetic induction in any one of three body regions 
caused a rapid and continuous elevation of the rectal temperature, which was 
accompanied by vigorous panting. In a series of 18 comparative experiments 
with three dogs the average maximum hyperthermia observed at the end of 
twenty minutes was 1.0° F. when heat was induced in the head, 1.9° F. when 
heat was induced in the kidney region, and 3.1° F. when heat was induced in 
the pelvis. The temperature returned to normal in twenty to seventy minutes, 
and panting ceased at normal body temperature. The changes in minute volume 
of urine flow were inversely related to the changes in rectal temperature, as 
shown in Fig. 1.) During maximum hyperthermia there was often an oliguria, 
hut several minutes after the body temperature began to decrease, the rate ot 
urine flow began to increase, until it was again between 2 and 5 ¢.c. per minute 
at normal temperature. There was no consistent relationship between the region 
in which heat was induced and the amount of urine flow decrease. 

During the hyperthermia produced by electromagnetic induction, the 
plasma ereatinine clearance generally decreased, but never significantly in- 
creased. In the series of 18 comparative experiments with three dogs the average 
maximum decrease in clearance was 13 per cent when heat was induced in the 
head, 45 per cent when heat was induced in the kidney region, and 27 per cent 
when heat was induced in the pelvis. A typical example of the results in each 
variety of these experiments is shown in Fig. 1, parts A, B, and C. When heat 
was induced in the kidney region in 28 experiments with nine dogs, a maximum 
decrease of the creatinine clearance of 12 to 79 per cent occurred twenty-two 
times, with a maximum hyperthermia of 0.5° to 2.6° F. In 12 of these experi- 
ments the clearance immediately increased to the controi level as soon as in- 
duction was discontinued, even though the hyperthermia persisted. In eight 


( 


f these experiments the clearance began to increase toward the control level 


as the body temperature began to decrease. In two experiments the clearance 
remained low. The eight experiments with no decrease in clearance during 
hyperthermia were with three large dogs in which it seemed impossible to pro- 
duce a decrease in clearance except occasionally when the control clearances were 
hivh, ie., more than 66 ¢.¢. per minute. 

In two experiments during electromagnetic induction of heat the plasma 
ere itinine clearance decreased 44 and 32 per cent while the renal plasma flow 
decreased 32 and 35 per cent, respectively. The filtration fraction did not change 
significantly in either experiment. Immediately after induction was diseon- 
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tinued, the creatinine clearance and the renal plasma flow increased again to the 
control values in both experiments. 

The effect of electromagnetic induction after section of the splanchnie nerves 
and removal of the lumbar sympathetie ganglia is shown in Table I. The magni- 
tude of decrease of the creatinine clearance during induction was much reduced 
as compared with that in the unoperated animal, or no decrease in the clear 
ance occurred at all during induction after the operation. 


TABLE | 


EFFECT OF ELECTROMAGNETIC INDUCTION BEFORE AND AFTER SECTION OF SPLANCHNIC NERVES 
AND REMOVAL OF LUMBAR SYMPATHETIC GANGLIA 


BEFORE SYMPATHECTOMY AFTER SYMPATHECTOMY 
DOG CONTROL FEVER CLEARANCE GONTROL FEVER CLEARANCE 
CLEARANCE F, DECREASE &% CLEARANCI F. DECREASE %&% 
S 75.0 1.0 32 60.5 0.5 18 
$8.2 0.7 1G sy Br 0.4 None 
53.5 ie 71 56.3 0.9 20 
14.5 O.5 71 58.5 0.9 30 
W 30.1 1.1 O6 O87 1.4 None 
ood 0.6 1G 08.2 1.6 None 
28.4 TR: De 
32.1 ee 16 
T DOS TEs ¥4) 03.7 PAM | None 
17.5 yA 79 61.0 ia | None 
62.7 22 None* 


*In this experiment there was no change in the renal bBlasma flow during or after heating, 
and the filtration fraction did not change, 

After denervation of the kidneys only of each of two dogs, electromagnetic 
induction could cause a decrease in the creatinine clearance, as shown in Table II. 
Apparently dog K was one of that type of dog in which a decrease in the 
creatinine clearance sometimes occurs during induction and sometimes does not. 


TABLE IT 


EFFECT OF ELECTROMAGNETIC INDUCTION AFTER DENERVATION OF THE KIDNEYS ONLY 


DOG CONTROL FEVER CLEARANCE 
CLEARANCE F. DECREASE % 
SP 39.7 3.6 —49 
10.4 —52 
54.6 —89 
K 70.0 PAS | None 
66.2 94 
62.2 3.6 None 


In order to make the hyperthermia produced by electromagnetic induction 
comparable to that of conventional diathermy both in magnitude and duration, 
two dogs were heated by intermittent electromagnetic induction in the kidney 
region for three hours. The body temperature ranged from 0.8° to 1.8° F. 


during this period, and the plasma creatinine clearance varied between 1! 
control level and 66 per cent of the control level. There was no inerease in (/ie 
clearance. 

The effects of conventional diathermy upon five dogs in eight experime:its 
were somewhat variable, as shown in Table III. In the first place, it was difficult 
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to induce a fever in dogs S and F, because these animals presumably were able 


to liberate heat very rapidly by violent panting. 


The other three dogs panted 


only gently and intermittently during diathermy, but at least an hour was neces- 


sary to produce more than a degree Fahrenheit of fever in them. 
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Fig. 1.—Typical changes in the plasma 


creatinine 


clearance 


and the minute volume of 


flow in a dog during fever produced by electromagnetic induction (4A) in the head, (B) in 
idney region, and (C) in the region of the pelvis, and changes in clearance and urine flow 
» same dog during fever produced by conventional diathermy. 


oderate, slow diminution of the minute volume of urine flow during the 


' of conventional diathermy, as shown in Fig. 1. 


either a decrease in the plasma creatinine clearance or no significant change, 


During diathermy there 
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except for a transitory increase of about 16 per cent in one experiment. After 


diathermy the clearance decreased still more in two experiments, decreased below 
normal in two others, and remained equal to or became equal to the controls in 
four. 

TABLE III 


PRINCIPAL CHANGES IN THE PLASMA CREATININE CLEARANCE OF DOGS DURING AND AFTER FEVER 


PRODUCED BY CONVENTIONAL DIATHERMY 


NORM AI HEATING PERIOD AFTER HEATING 

DOG CONTROL TEMP, TIME IN CHANGE IN FEVER CHANGE IN FEVER 
CLEARANCI °F, MINUTES |CLEARANCE % oR, CLEARANCE % °F, 
- 60.2 101.0 60 12.6 1.5 —20.6 0.1 
R 63.3 100.9 60 —15.8 1.6 20.9 La 
To normal 0.0 
R 65.6 100.6 19 None Pao 5 1.4 
B 14.3 100.5 59 None ie None 0.2 
$s 63.8 101.4 78 None 0.0 16.1 0.0 
To normal 0.0 
Ss 49.0 100.9 110 +15.7 0.5 0.0 

To normal 0.9 None 

S 55.8 101.2 ISO None 0.6 None 0.0 
F 55.5 100.2 1S0 11.0 0.9 To normal 0.1 


The intravenous injection of typhoid-paratyphoid vaccine containing 25 
million killed organisms into dog P was followed in a short time by a fever of 
0.5° F., and later by an increase in the creatinine clearance of about 15 per cent. 
When a larger dose of 100 million killed organisms was used in each of twelve 
experiments with six dogs, there was no fever in two eases, but slight fever of 
0.4° to 0.8° F. in ten; and no significant change in the creatinine clearance in 
six cases, but a moderate increase of 8 to 88 per cent in six, as shown in Table LY. 
In Experiments 12 and 18 an inerease in the clearance was not observed until 
four and one-half to six hours after injection of the vaccine. When huge doses 
of 2 billion killed organisms were injected into dogs B and $8, there was an im- 
mediate rise in rectal temperature to a maximum of more than 2° F. in about 
three hours. With subsequent huge doses of vaccine in dog S the onset of fever 
was later and the pyrexia was not so great as before. In Experiments 14, 15, 
and 16 the maximum clearance definitely did not coincide with the maximum 
fever but occurred earlier or later. In Experiments 15 and 17 the injeetion of 
the vaccine was immediately followed by an extreme, but transitory, decrease 
in the clearance. During all fevers by typhoid vaccine injection there was no 
panting and no decrease in the minute volume of urine flow other than that 
which normally follows a moderate diuresis. 

It was found that exposure to a current of air from an electric fan in a 
room at 38° and 47° F. caused the dog to shiver violently and the rectal tempera- 


ture to increase rapidly about a degree Fahrenheit above normal. This was fol- 


lowed by a decrease in the temperature to about half a degree above normal. fh 


+> 


one experiment the plasma creatinine clearance increased to nearly 30 per ccn 
above normal and in the other to 18.3 per cent. The minute volume of ure 
flow decreased only at a rate which normally follows a moderate diuresis. Upon 
return to the laboratory at 71° to 73° F., the rectal temperature fell to normal 
very quickly and the clearance decreased slowly toward the level of the contre's. 
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Tania FV 


PRINCIPAL CHANGES IN THE PLASMA CREATININE CLEARANCE AND RECTAL TEMPERATURE OF 


DoGs AFTER INTRAVENOUS INJECTION OF TYPHOID-PARATYPHOID VACCINE 


NORMAL AFTER INJECTION OF KILLED ORGANISMS 
EXPERI- > > 
ails ‘ ola | eae ae : : ee CHANGE IN vaaiaian 
MENT | DOG CONTROL | rEMP. DOSE IN MIN. AFTER : _-- | FEVER 
. se ey ia aed SNE : CLEARANCE ary, 
NO. CLEARANCE | F MILLIONS INJECTION pe F. 
¢ 

1 P 65.8 LOS: | 25 62-83 +14.8 0.5 

2 P 58.8 101.1 100 136-163 None 0.5 
iS | P 51.0 | 100.6 100 267-287 1389 0.6 
, K Size 100.5 100 0-171 None None 

f K 56.5 100.9 100 148-197 None 0.4 
is K oo.0 100.5 100 5364-3584 +14.3 0.4 
5 oi 45.6 101.0 100 0-175 None None 
6 ‘ii 15.1 101.1 100 139-187 7.9 0.8 
7 R 17.8 LOU 100 Si-loo None 0.4 
8 65:1 101.0 100 160-200 None 0.8 
9 IV Oot 100.6 100 145-177 +32.1 1.0 
10 B 11.1 100.7 100 128-188 20.0 0.4 
11 B 10.6 100.1 100 153-201 13.5 0.6 
14 BR | 38.3 100.8 2000 158-178 12.8 2.4 
238-258 oa 2.1 

15 S 55.8 100.8 2000 0-S 56.8 0.4 
7TS-98 8 1 1.0 

198-218 14.1 2.8 

16 S 18.8 101.0 2000 221-241 +32.0 2.] 
371-39] $7.1 1.4 

17 S 62.6 t0L3 2000 0-10 69.0 0.0 
SS-108 To normal 0.0 

258-278 None | pe 


DISCUSSION 


The results obtained from these experiments suggest that the changes which 


occur in the creatinine clearance of the dog during fever or hyperthermia depend 


upon the causal agent. During hyperthermia produced by an external physical 


means, such as electromagnetic induction or conventional diathermy, there was 


generally a decrease in the clearance but never an increase, except in one instance 


W 


i) 


ien a transitory inerease was followed by a decrease in the clearance. This is 


agreement with the results of Farr and Moen,* who employed the external 


ivsical means of a heating cabinet, and also with the observation of Karr and 


ssett’ that heating with electromagnetic induction decreased the total nitrogen 


‘cretion. But these results are contrary to those obtained by Grant and Medes? 
th conventional diathermy. Inasmuch as the postabsorptive clearance of many 
vs varies spontaneously from day to day, it is suggested that some of the in- 


ases in the creatinine clearance reported by Grant and Medes, which were 
ive the control clearances determined on previous days, might have been found 
be equal to or less than control clearances determined just previous to dia- 
rmy on the same day. 

When fever was caused by vaccine injection or by exposure to cold, there 
s generally an increase in the clearance, but never a decrease, except in two 
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instances of transitory decreases followed by increases in the creatinine clear 


ance to or above the control level. Both of these procedures may have produced 


conclusion that an inerease in creatinine clearance was never due to hyperthermia 
itself, but rather to changes in the tissues which were responsible for the hyper 
thermia. As further evidence for this idea it may be noted that the maximum 
increase in clearance did not always coincide with the maximum body tempera- 
ture, after injection of tvyphoid-paratyphoid vaccine. This is in agreement with 
the observations of Chasis, Ranges, Goldring, and Smith*® with a human subject. 
Furthermore, Smith’ shows that the inulin clearance of the human subject may 
inerease about 50 per cent after injection of pyrogenic inulin long before the 
maximum body temperature is attained. 

The decrease in creatinine clearance during hyperthermia produced by 
electromagnetic induction seems to have been due entirely to a reduction of the 
renal blood flow because of dilatation of blood vessels in the peripheral vaseular 
bed. The fact that a decrease in the renal plasma flow during electromagnetic 
induction and an inerease to the control level immediately after induction oc- 
curred simultaneously with the respective decrease and increase to the contro! 
level of the creatinine clearance, with no significant change in the filtration 
fraction, indicates that the decrease in renal blood flow was due either to con- 
striction of the afferent arterioles or to extrarenal shunting of much of the blood 
to other parts of the body. These activities seem to be brought about in part 
or entirely by reflexes through the thoracolumbar outflow, because section of the 
splanchnic nerves and removal of the lumbar chains greatly reduced or entirely 
abolished the decrease in clearance and, according to one observation, the simul- 
taneous reduction in renal blood flow. That the decrease in renal blood flow 
is not due to constriction of the afferent arterioles is indicated by the fact that 
denervation of the kidneys only did not prevent a decrease in the creatinine 
clearance during electromagnetic induction. The decrease in creatinine clear- 
ance during the hyperthermia produced by conventional diathermy may also 
have been due to a reduction of the renal blood flow because of dilatation of 
blood vessels in the peripheral vascular bed. It is suggested that the extreme, 
but transitory, decreases in clearance which occurred in the typhoid vaccine 
Experiments 15 and 17 of Table IV may have been due to a shunting of a large 
fraction of the blood from the renal arteries to the splanchnic vascular area 
because of a transitory shock accompanied by vasodilatation immediately follow- 
ing the injection of the huge dose of vaceine. 


The inverse relationship between the minute volume of urine flow and the 


magnitude of the fever produced by electromagnetie induction was probably du 
to temporary water conservation and not to dehydration, because the urine flow 
increased soon after heating ceased. This change in the urine flow did sot 
parallel the change in creatinine clearance throughout the duration of an «x- 
periment, nor did the amount of reduction in urine flow correspond to {he 
amount of clearance decrease, as is shown in Fig. 1. Therefore, the regulation 
of the rate of urine flow seems to have been independent of the rate of glomeri 


hyperthermia by virtue of increased metabolic activity. A comparison of the 


results obtained with these four methods of producing hyperthermia leads to the 
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filtration. It is possible that secretion of the antidiuretic principle by the hypo- 
physis was increased as the body temperature was rapidly elevated, causing a 
proportional increase in the rate of water reabsorption in the kidney tubules. 
Attention is called to the fact that there was neither panting nor marked re- 
duction in the rate of urine flow when fever was produced by typhoid vaccine 
injection. This may indicate a relationship between the mechanisms responsible 
for panting and for water conservation. 


SUMMARY 


During the hyperthermia produced by electromagnetic induction, the plasma 
creatinine clearance generally decreased, but never significantly increased. Heat 
induced over the kidney area was most effective in lowering the clearance, less 
effective when induced in the pelvis, and least effective when induced in the 
head. When heat was induced over the kidney area in 28 experiments with 
nine dogs, a maximum decrease of the creatinine clearance of 12 to 79 per cent, 
with a maximum hyperthermia of 0.5° to 2.6° F., occurred twenty-two times. 
This decrease of the clearance occurred about five minutes after the initial rise 
in temperature, but its magnitude was not related to the magnitude of the hyper- 
thermia. The decrease of the clearance was found to be due to a simultaneous 
decrease of the renal plasma flow. Denervation of the kidneys only did not pre- 
vent a decrease of the clearance during the hyperthermia, but section of the 
splanchnic nerves and removal of the lumbar sympathetic ganglia nearly or 
completely prohibited this decrease of the plasma creatinine clearance. 

An increase in body temperature of 0.5° to 2.8° F., caused by conventional 
diathermy, resulted in no significant change in the clearance in two experiments 
and a decrease of 11 to 21 per cent in five experiments. In one other experiment 
the clearance increased 16 per cent during the initial hyperthermia, but became 
normal again, even though the hyperthermia was maximum, 

The intravenous injection of typhoid-paratyphoid vaceine resulted in a 
maximum fever of 0.4° to 2.8° in 15 experiments performed on seven dogs. In 
10 of these eperiments, an increase in clearance of 8 to 47 per cent occurred 
before, during, or after maximum hyperthermia. In five experiments there 
Was no significant increase in the clearance. In only two of the 15 experiments 
did a decrease in clearance occur. 

An increase in body temperature between 1.0° and 0.5° F. oceurred during 
the exposure of a dog to a current of cold air at 38° and 47° F. in two experi- 
ments, during which the clearance increased 30 and 18 per cent, respectively. 

Heating by the two electrical methods caused a reduction in the rate of 
urine flow irrespective of the region of heat production. On the other hand, 
the hyperthermias of typhoid vaccine injection and exposure to cold had no 
appreciable effect on the urine flow. A decrease in urine flow was due to an 
increase in the rate of tubular reabsorption of water and was independent of 
chonges in the creatinine clearance. 
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GENERAL 


A STUDY OF THE PHENOMENON OF ERYTHROCYTE 
SEDIMENTATION* 


I. A Critical. SURVEY OF LITERATURE 


Roy KE. Nicuous, B.V.Sc., M.Se., Pu.D.,f LAraAyvetTr, INp. 


N ANY sedimenting system there are two components which must be con- 

sidered—the suspending medium (dispersing phase) and that which is sus- 
pended (the dispersed phase). Blood within the vessels may well be said to 
have the components necessary to classify it as a system capable of presenting 
the phenomenon herein referred to as sedimentation. It has a fluid suspending 
medium (the plasma) and suspended material (the formed elements). A certain 
degree of sedimentation can be demonstrated even within the vessels themselves 
if samples at various levels between two tourniquets are examined.* Before 
samples of blood drawn from apparently healthy horses can clot, considerable 
separation of cells and plasma occurs, much as is reported in samples from hu- 
man beings during severe disease and from women during the latter stages of 
normal pregnaney.** 

However, to measure the complete phenomenon of sedimentation of the 
formed elements of blood in their own plasma in vitro necessitates even in the 
horse, with its naturally very rapid rate of sedimentation, the use of artificial 
means of preventing clotting. The effects of this necessary alteration in the 
normal status of the blood upon the ultimate measurement of the phenomenon 
of sedimentation in vitro will be discussed later. Suffice to sav that one should 
recognize that the determination of sedimentation in vitro represents not the 
phenomenon as it might occur in unaltered blood but rather as it occurs in blood 
necessarily changed to prevent clotting. 

Despite recognition of the fact that a complete theoretical explanation of 
the phenomenon of sedimentation is probably impossible due to its marked com- 
plexity, mention of some of the various factors thought to be involved and the 
consensus of some of the experimenters concerning the relative value of these 
factors is included herein principally to convey the source of my conception of 
th: sedimentation phenomenon. Due cognizance is given the possibility that the 
0} inions of some of these workers may have been aequired from results of 
te niques which have not measured the phenomenon completely. 


*From a thesis rresented in partial fulfillment of the requirements for the degree of 
Do tor of Philosophy in the Graduate School of the Ohio State University, June, 1941. 
: This is the first of a series of four articles on the subject to be published in consecutive 
is s of the JOURNAL. 

+Comparative Physiologist, Department of Veterinary Science, Purdue University. 

Received for publication, April 3, 1942. 
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Reported data and opinions were segregated into six general groups 
Physical Factors, Chemical Factors, Constancy, Physiological Factors, Technica! 
Factors, and Pathological Factors. These were further subdivided where neces 


sary. A conservative summary follows: 
I. PHYSICAL FACTORS 


a. Cells vs. Plasma.—Both cells and plasma are apparently necessary ele 
ments in sedimentation. Changes in any of the physical and chemical properties 
of cells or of plasma may exert a variable influence upon the rate of sedimenta 
tion, the magnitude of this effect apparently being dependent upon not only 
the degree of alteration in any of these properties but also the properties 
altered.2*: 48, 58, 62, 72, 73, 87, 96, 110, 111, 115, 138, 188, 213, 214, 217, 221, 227, 248, 253, 265, 321 

b. Specific Gravity.—It would seem reasonable that for settling to take place 
the specifie gravity of the formed elements must be greater than the specific 
gravity of the plasma. However, it also seems reasonable that the degree of 
change in the ratio of specific gravity of formed elements and plasma cannot 
by itself explain ong songuitnte of alter ‘ations in the sedimentation velocity which 
are encounte red.2 , 72, 73, 115, 121, 149, 201, 214, 219, 225, 231, 301 

ce. Viscosity.—It may be said that ever-present viscosity of the plasma 
resists the settling of formed elements in plasma but that changes in the sedi- 
mentation rate apenas be explained wholly upon the basis of changes in Vis- 


eosity.® 17, 24, 25, 58, 67, 72, 73, 93, 115, 124, 130, 150, 187, 214, 225, 229, 231, 253, 255, 258, 263, 265, 301 


d. Movement of Plasma.—The general movement of plasma is upward and 

tends to retard settling’? 11% 10. 1 241 

Particle Size.—It would seem that the size of the individual cell has an 
important bearing upon its fall, particularly in suspensions where there is no 
rouleaux formation or agglutination. In suspensions where cells aggregate, 
variations in the size of the agglomerates of cells bear a definite relationship 
to the changes in sedimentation of the agglomerates—the larger the age zlomeri ife 
the more rapid its fall.2 24, 31, 38, 40, 50, 52, 58, 72, 73, 115, 145, 150, 214, 220, 225, 227, 241, 242, 
259, 263, 288, 301, 321, 344 

Number of Particles—Variations in the number of particles in a suspen- 
sion produce variations in their rate of fall—the more present the slower each 
individual particle will fall. Sinee the number of cells present may influence, 
among other things, the number of aggregates, there probably exists a relation- 
ship between the number of aggregates and their rate of fall; with blood as a 
sedime nting system the more aggregates the slower their rate of fall?! 


30, 33, 39, 48, 50-52, 58, 61, 67, 68, 72, 73, 76, 82, 89, 93, 96, 97, 99-102, 105-107, 109, 110, 113, 115, 
128, 136, 138, 142, 145, 150, 160, 170, 186, 190, 195, 2 P04, 211, 225, 227, 232, 2 241, 242, 2 2 ’ 
263-265, 272, 283, 288, 289, 318, 321, 322, 329-331 4 41, 34 44 


Rouleaur Formation and Agglutination.—It seems universally accept’ 
that the rate of sedimentation is considerably dependent upon rouleaux forna- 
tion and subsequent agelutination—the larger the agelome rates of cells ~ more 


, ; 1? - P Pe i, 17, 24, 28, 48,. 56, 62, 68, 65, 72, 73, 82, 87, 93, 96, 115, 120, 125, 182, 
rapid their rate of fall. Fey Sa SS 

149, 150, 184, 188, 190, 194, 201, 214, 217, 221, 226, 227, 231 6, 238, 241, 242, 2 256, 258, 259, 2¢ 4 
280, 288, 289, 310, 221, 335, 338, 344, 348 
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Environmental Temperature.—It seems commonly agreed that decreases 
in the temperature of samples are accompanied by decreases in the rate of sedi- 
mentation, and that increases in temperature are associated with increases in the 
rate. It would ene that there is some difference of opinion as to the effeets of 
he ating ple isma.* » 61, 64, 72, 73, 79, 82, 93, 94, 96, 115, 145, 150, 156, 160, 164, 208, 211, 225, 227, 234, 


241-243, 255, 258, 259, 283, 288, 300, 314, 321, 329, 330, 340 


i. Other Physical Forces.—Apparently such forces as the electrical charge 
if the cell, potential difference, cohesive forces, surface forces, repulsive forces, 
and osmotic pressure, exert influence either directly upon the sedimentation of 
agglomerates themselves or indirectly upon the phenomena of rouleaux formation 


and agglutination.° 


182-184, 201, 203, 211, 217, 221, 234, 238, 242, 253, 258, 264, 265, 280, 285, 288, 312, 325, 326, 344 


8, 24, 28, 41, 48, 70-73, 82, 87, 96, 129, 130, 132, 141, 149, 152, 157, 176, 179, 180, 


II. CHEMICAL FACTORS 


a. Hemoglobin.—That hemoglobin within normal ranges bears a fairly con- 
stant relationship to normal values of sedimentation is to be expected but cor- 
relation between changes in hemoglobin and change s in sedimentation is debat- 
able. 5, 22, 31, 39, 40, 45, 48, 50, 99, 100, 106, 111, 115, 138, 203, 232, 259, 263, 264, 288, 321, 329, 330, 340, 344 

b. Venous, Arterial, and Capillary Blood.—The consensus seems to be that 
results from tests on venous, arterial, and capillary blood, as commonly obtained, 
agree.?* 54, 164, 204, 245, 258, 288 

ce. Orygen and Carbon Dioride.—While large variations in the oxygen or car- 
bon dioxide content of blood experimentally may produce some alteration in sedi- 
mentation, simple aeration of blood prior to determination of sedimentation seems 


3, 82, 100, 139, 155, 172, 204, 211, 234, 235, 245, 258, 260, 261, 327 


to be of no important significanee.?* ** 

d. pH.—There seems to be a difference of opinion as to whether variations in 

pH influence sedimentation even wee some agreement exists that acidosis slows 
the rate atid alkalosis hastens it.® * * * %*: 254, 174, 201, 207, 228, 282, 204, B74, 344 

. Protein Fractions.—It would appear that increases in fibrinogen, and to a 

iis extent perhaps globulin, have an accelerating effeet upon sediment: ition 


412.. 235, 24, 26, 25 4¢ 

while inereases in albumin have a retarding influenee.! " 

48, 50, 51, 53, 57-59, 69-73, 78, 80, 82, 84, 87, 89, 93, 96, 97, 104-107, 115, 122, 128, 130, 132, 135, 138, 142, 
147 152 160 16 170 Ly 179 180 TSS8-190 196 199, 201 204, 20 21 214 [te 227 230-234, 236 24 
253, 254, 257, 258, 263, 265, 267, 268, 271, 273-275, 277, 282, 288, 290-292, 299, 30 12, 32 27. 328 0, 333 


. Cholesterol and Lecithin.—Inereases in cholesterol are said to be aeeom- 
panie ? by increases in sedimentation w “we increases in lee ‘thin are said to he ¢ asso- 
ciated with decreases in sedimentation,** 5° *° 442) 345, 162, 262, 218, 282, 281, 247, 258, 258, 
263, 274, 299, 320, 325 

2, Other Chemical Factors.—That other chemical factors such as bile produets, 
chlorides, laetie acid, lipoid equilibrium and nitrogen balance, may influence sedi- 


mentation is not doubted, but whether any of these can offer a comple te explanation 
0! the phenomenon of sedimentation is assumably dubious.® * 1%: 2% 2%) 3% 98) 96) 115, 
1 169; 182, 188, 234, 253, 254, 263, 265, 325, 344 


II. CONSTANCY 


In the opinion of the majority a certain constaney of results during health ap- 
po vently ean be expected, However, there is enough opinion to the contrary to sug- 
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vest a careful critique of these teehniques since a multiplicity of techniques hav 
bee ne mployed. 15, 33, 53, 64, 103, 115, 134, 145, 164, 190, 211, 232, 235, 274, 286, 288, 312, 321, 343, 344 

The more literature that is reviewed the more one comes to realize that the 
phenomenon of sedimentation is very complex, and its measurement probably 
does not represent the measurement of any particular constituent or property 
or any limited group of constituents or properties of the blood sample being con 
sidered. It represents a measurement of a balance between, on the one side, the 
influence of all the constituents and properties, intrinsic or extrinsic, whieh 
augment the separation of the fluid and formed elements of a particular blood 
sample, altered so as to allow this separation to take place, and, on the other side, 
the influences of a// the constituents and properties which delay this separation. 
If this conception be reasonable, then all constituents and properties, intrinsic 
and extrinsic, must be causal, even though variations in some may be of more 
relative importance than variations in others. 

It would appear that alterations in the balance of these opposing constituents 
and properties may be the result of changes in the body itself (intrinsie) and 
changes brought about by the necessary manipulation of the blood sample (ex 
trinsic or technical). Since the clinical value of the test probably lies in its use 
as a delicate measure of the intrinsic changes in the particular sample the result 
of disease, then the intrinsie changes of a normal physiologie nature and the 
extrinsic or technical factors which may produce changes in the manifestation 
of the phenomenon must be enumerated, evaluated, controlled or allowed for 
before the measurement of sedimentation can be said to reflect pathology. 


IV. PHYSIOLOGICAL FACTORS 


a. Ser.—The majority believe that the rate of sedimentation is faster in 
adult women than in adult men. There is some difference of opinion as to 
whether this difference can be accounted for solely by the difference in volume 
per cent of cells as noted between men and women,': °% 7?) 7% 88+ 18% TH, TAG, TOS, T 


138, 202, 259, 264, 340, 343 


b. Pregnancy.—Pregnaney is recognized as causing an increase in sedimenta- 
tion, being first noted after the first few months, reaching its . ak at partur ition 


>» 21, 14, 27, 28, 48, 51, 


and gradually returning toward normal during pue ig rium.* 


71-74, 82, 93, 96, 103, 127, 138, 180, 183, 184, 194, 201, 202, 211, 283, 259, 267, 270, 274, 285, 322, 330, 4 


e. Menstruation.—Some authors find an increase in sedimentation during 


menstruation. Others doubt an increase above normal limits.°* 1% 15) 180. 18h 2c 


295, 322, 340, 343 


d. Age.—A difference of opinion exists regarding age but the majority find 


» 105, 1348, 195, 


a slower sedimentation in adults than in young or old persons. 


202, 211, 225, 288, 301, 312, 843, 346 


Food.—That ingestion of food has no effect upon sedimentation seems at 


least generally accepted.**® © 9%) 105, 145, 211, 258 
f. Exrercise—Again a difference of opinion exists. Probably the degree of 
exercise is important since enforeed rest is reported as delaying sedimentation 


and overwork as increasing it.2!! 225 282, 258 
e, Sweating.—Profuse sweating by electric baking had no effect on sc li- 


mentation.® 








sf 


ay 


p! 
to 


Set 


an 








t 






































NICHOLS: ERYTHROCYTE SEDIMENTATION 
h. H.wrcitement.—Tests taken at times of greater excitement in children gave 
higher readings.*!? 
i. Time of Day.—A difference of opinion exists as to whether or not the time 
of day has any direct effeet upon the sedimentation rate! 1 211 28 
Atmospheric Conditions.—Atmospherie conditions are reported as having 


some effect on sedimentation.?* 134) 146) 225, 301, 312 
V. TECHNICAL FACTORS 


1. It would seem that agreeable results upon the same sample can be ob- 
tained with certain techniques. However, literature upon this subject is very 
deficient and techniques differ considerably 7? 1% 805) 8° 
2. It seems commonly vrs that venous stasis should at least be mini- 
mized, since if it is applied in excess, sedimentation is usually considerably re- 
ti irded.* 145, 204, 211, 282, 234, 259, 264, 265, 288, 321, 330 

Too little anticoagulant, as well as too much anticoagulant, is to be 
avoided, Anticoagulant and blood must be properly mixed. Different anti- 
coagulants vield different results. Although solutions of sodium citrate have 
probably been used more than any other anticoagulant, the present tendeney is 
to lean toward the anticoagulant mixture of Heller and Paul'*?® and toward 
heparin, for these two seemingly produce little variation in cell volume as well as 
sedimentation. Differences of opinion naturé ully exist concerning the proper kind 


oO, 2 9 39, 50, 51, 58, 60, 64, 72, 76, 95, 101, 105, 109, 


and amount of antic oagulant On USOL Tr moe m9 29s: 22 


4. It would seem that the general consensus is that delay in conducting a 
measurement of the sedimentation of a sample may cause retardation of the rate. 
The maximum amount of permissible delay reported is variable from a few hours 
to several hours. It is suggested that the retarding effect of delay may bear some 
relationship to the “eg of anticoagulant used and also the temperature at which 


the 1 sample i is ke pt.” 29, 51, 54, 60, 64, 72, 75, 93, 108, 115, 119, 136, 142, 154, 156, 164, 185, 186, 201, 211, 


224, 227, 239, 240, 242, 258, 259, 281, 283, 288, 329, 330, 338, 340, 344, 348 


Although it has been recognized that a uniform mirture of cells and plasma 
is necessary at the start of measurement of sedimentation, it would seem that 
little atte i has been made to demonstrate that such a uniformity is actually 
est ablished.*' , 94, 115, 136, 154, 164, 185, 211, 258, 259, 308 

There has been a multiplicity of tubes used for the measurement of sedi- 
mentation. However, there seem to be certain generalities which are quite ecom- 
monly accepted. Capillary tubes are thought not to be dependable. The majority 
ot workers used tubes of over 2 mm. bore and apparently thought them satis- 
factory. The general opinion seems to be that longer tubes yield faster rates, 
ye there is reason to doubt this upon a physical basis. It seems tienen that 


12, 17-19, 26, 28, 


the sides of tubes should be parallel and the bottoms should be flat.* 


29, , 36, 50, 51, 54, 55, 57, 58, 60, 64, 72, 76, 78, 79, 82, 04, 96, 101, 106, 108, 109, 114, 115, 118, 187, 145, 154, 164, 
171, 180, 193, 198, 204, 211, 214, 225, 227, 234, 235, 241, 250, 258, 259, 263-265, 273, 278, 287, 288, 293, 315, 317, 
321, 422, 325, 329, 330, 340, 341, 343, 348 


The necessity of perpendicularity of the tube seems generally recog- 
ni 32: 17, 19, 29, 34, 36, 42, 64, 73, 79, 114, 115, 154, 164, 191, 193, 210, 211, 225, 227, 235, 241, 259, 264, 


17, 321, 330, 





340, 348 
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8. It appears hind accepted that sedimentation takes place in three 
stages: (a) Initial aggregation and accelerated fall. (b) Constant fall. (e) 
Slowing or retarded fall 

There is evidence that sedimentation occurs as a sigmoid curve. This would 
render dubious the possibility of a phase of constant fal]. 29)°% 95) 84) #8, 119, 181, 219, 209 

There exists a great variety of methods of expressing sedime ntation, the 
great majority of which depend upon a relationship between the position of 
the line of demareation between cells and plasma and the amount of time since 
the test was begun. Some have used the amount of time necessary for the 
border between cells and plasma to reach a certain mark, some have noted the 
position of this line at a given time, and others have expressed the descent of 
this border line by reading its position at definite time intervals. Many of the 
mentioned methods probably fail to express the phenomenon completely and some 
probably do not represent expression of any part of what is generally considered 
the most important phase of the phenomenon, namely, aggregation. Multiple 
readings of the degree of settling at frequent time intervals or mechanical means 
of measuring the rate seem to offer advantages. 

It is felt that evidence from results with an automatic photographie device, 
which continuously records the rate of descent of the line of demareation be- 
tween cells and plasma,?'’ is convincing that the best measurement of the phe 
nomenon of sedimentation, as evidenced by the rate of descent of the line of 
demareation between cells and plasma, is a continuous measurement with estima- 
tion of the point of change in the resulting sigmoid curve. Sueh estimation, 
if even partially to express the important aspects of the curve, must in- 
clude the amount of separation before the point of change takes piace, the time 
at which the point of change occurs, and the rate or velocity of separation im- 





mediately preceding the point of change (expressed as an angle between the 


steepest portion of the sigmoid curve and perpe ndie we IVIty ) .77 10) 12, 17-19, 23-25, 29, 
30, 33, 36, 37, 50, 53, 55, 57-59, 61, 64, 68, 69, 72, 73, 76, 79, 88, 93, 94, 96, 99-101, 103, 105-108, 110, 113-11 
118, 119, 134, 13¢ 137, 150, 154 159, 164 171 180, 181 1st 19 194 1 198, 201 211 214, 21 P18, 22 


VI. PATHOLOGICAL FACTORS 


Inclusion of several references brings out the generally accepted theory that 
alteration of the sedimentation phenomenon portrays mets ibolic changes—the 


12, 28, 38, 47, 48, 51, 58, 55, 57, 72, 76, 78, 79, 87, 3 


result of nonspecific destructive disease.” 
110, 114, 115, 174, 195, 198, 201, 211, 259, 265, 274, 325, 330, 339, 343 


The second of this series of articles will deal with the establishment of a 
reliable technique with evidence of its reproducibility and limitations. 
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THE EFFECT OPERATOR ON THE VARIABILITY OF BASAL 


METABOLISM DATA 


OF 





DENA CEDERQUIST,* MANHATTAN, KAN, 


TUDIES of basal metabolism reported in the literature suggest that all tests 

were made under standard conditions. Standard conditions for the de- 
termination of basal metabolism have come to mean that the person was in a 
postabsorptive state, comfortably warm, had a normal body temperature, was 
awake but at complete rest and free from the effects of physical exercise, mental 
and physical irritation, and fear. As it is almost always possible to meet these 
conditions, the error associated with technical procedure would be expected to be 
reduced to a minimum. Thus two successive observations made on one person 
under the foregoing conditions should agree closely, or in the language of the 
statistician, the two observations should show little intradaily variation. How 
ever, in actual practice, more or less variation tends to occur. 

In this laboratory 450 tests on 225 women between 15 and 45 years of age 
were made under what were believed to be standard conditions. A Benedict-Roth 
closed circuit machine was used. In most eases the subjects were brought to the 
laboratory by car and were required to rest in bed one-half to one hour before 
the observations were made. A few of the tests were made in a women’s residence 
hall. For these, the metabolism apparatus was moved into the subject’s room, 
and the observations were made in the morning before she arose. Two eight 
minute tests with a three- to five-minute rest period between them were made on 
each person. Al] observations were used unless some obviously disturbing factor, 
as an unexpected noise, affected the test. Five technicians were responsible for 
collecting these data. 

Because the observations were made under standard conditions using the 
same equipment, it would seem logical to expect that the variation observed in 
individual records made on the same day would be of the same magnitude fo1 
the entire group. To determine if this were true, an analysis of varianee was 
made on the 450 tests with the records divided on the basis of the technician who 
made the test. That portion of the analysis relative to the variation observed in 
records made on the same day is shown in Table I. 

In the interpretation of this portion of the analysis of variance, the size 
of the mean square is used as a measure of intradaily variation. The larger the 
value of the mean square, the greater is the variation in the observations made 
ou one person on any given day. It can be seen from Table I that this variation 
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as indicated by the value of the mean square, is not the same for all technicians. 
It will be noted that for Technician O the mean square of the records on the 
same day is about two and one-half times that of Technician B. This difference 
is great enough to be of statistical importance. It indicates that successive tests 
made by Technician O show significantly more variability than those made by 
Technician B. This observation has suggested that in this study, where the 
same piece of apparatus was used each time under what is believed to be standard 
conditions, some of the differences in the amount of intradaily variation may be 
attributed to the technician. 


TABLE [ 


ANALYSIS OF INTRADAILY VARIATION 


TECHNICIAN DEGREES OF FREEDOM* MEAN SQUARESt 
B 62 1.42 
C 232 1.61 
K and C 124 2.18 
O 48 3.48 
*Degrees of freedom (n-1) where n refers to the number of observations, 


ee sum of the squares of deviation from mean 
degrees of freedom 

No definite explanation for the differences noted between technicians is 
offered, but a plausible suggestion is that they may be due to differences in 
sensitivity of the observer. For example, one technician might note every 
unexpected noise, draft, or bright light which could disturb her subject and 
would discard the test because it was not done under standard conditions. 
Another operator might not recognize such disturbing factors and would believe 
that standard conditions had been established when in reality they had not. 
Also, not all persons approach a given situation with the same degree of 
relaxation. If the operator is tense, it is possible to induce a tension in the 
subject without the latter realizing she has been disturbed. In either case a 
souree of error has been introduced which will increase intradaily variation. 

Part of the intradaily variability in basal metabolism tests on the same 
person may often be attributed, therefore, to some characteristic of the tech- 
nician. When all technicians are carefully trained, the differences in variability 
cannot be attributed to careless workmanship, but may be accounted for by 
differences in sensitivity to the interpretation of standard conditions. This 
study suggests that, even though standard methods have been outlined for the 
determination of basal metabolism tests, it is possible for the technician to 
utroduce variability and thus decrease the reliability of the tests. 











LABORATORY SHAKING MACHINE* 
EK. &. Myers, M.D., Puiniper, W. Va. 


A STURDY, silent shaking machine, whieh ean be easily built in a small 
machine shop, is shown in the photograph. The diagram gives detail of 
construction. The leneth and period of exeursion are those specified for use 
in the Kahn test. With used connecting rods and a used motor the machin 
ean be built for twenty-five to thirty dollars. 

Fig. 1 in the diagram is a side view of the shaking machine. The roeking 
arms are model A Ford connecting rods with the erankshaft-bearing portions 
eut off. They are welded together to make an overall length of 10%), inches. 
The wrist pins must be parallel; this can be accomplished by a wooden jig that 
has parallel blocks on which the pins are held by clamps during the welding. 

The wrist pins are clamped to the baseboard and top board by 34. ineh 
pipe elamps, the boards being hollowed slightly to allow the connecting rod 
parts which extend bevond the wrist pins to have freedom of movement. Side 
motion 1s prevented by the lock rings in the connecting rods. The oil holes on 
the bottom pieces are plugged with wooden plugs. Celluloid cement can be 
coated over the ends of the plugs to prevent seepage of oil through the paint 
The oil hole at the top is left open to receive oil (about number 10 motor oi! 
is used for lubrication). All wrist pins should be a medium tight fit only. 

The throw arm is made from two V-8 Ford connecting rods with a short 
piece of model A rod welded between them to give a total length of 1214 inches 
from center to center. The wrist pins of the throw arm are eut off just the 
width of the throw arm plus the thickness of two fiber washers which go one on 
either end of the pin. Fig. 7 shows another view of the connection of the 
throw arm to the rocking arm. The %g ineh bolt is drawn up tightly, holding 
the wrist pin securely against the surface of the rocking arm, which, where the 
pin strikes it, is filed to a flat surface. The fiber washers shown as F in Fig. 7 
then act as spacers for the throw arm, eliminating noise. The connection o! 
the throw arm to the eccentrie is made in a similar manner. The plate fo! 
the eccentric is shown in Fig. 6. The holes in it must be parallel, and after it 
is welded to the shaft of the bearing shown in Fig. 5, the surface to which the 
throw arm is connected should be machined in a lathe to give a flat surface 
parallel to the throw arm. This is essential to prevent binding of the thro. 
arm during rotation of the eccentric. The % ineh machine bolts used to faste! 
the throw arm bearings are somewhat smaller than the holes in the wrist pins 
through which they pass, and this permits adjustment of the arm on the ecee 
tric to produce the exact excursion of the top board of 115 inches. 


*From the Laboratory of the Myers Clinic, Philippi. 
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The bearing illustrated in Figs. 3 and 5 is an automobile packless type 
water pump ball bearing and shaft, New Departure, No. 885156S, 108556. While 
welding the plate to the shaft of this bearing, care must be taken to prevent the 
bearing from becoming too hot, as by wrapping wet asbestos paper around it. 
Electric welding is necessary here. The bearing case is pressed into a piece ot 
1 inch pipe coupling which can be used without alteration, ie., the threads are 
left intact. Before the bearing is fitted, the coupling is welded to a piece of 
114 inch pipe, as shown in Figs. 3 and 4. This pipe is welded to a plate which 
forms the base to be attached to the bottom board by four bolts. 








Fig. 8 is a top view of the completed machine. The boards forming the 
clamp for the Kahn racks are covered with rubber eut from stair tread. These 
rubber pieces can be cemented or tacked with small brads. Carriage bolts 
1 by 314 inches are used to attach the end board. A block with a V in it ean 
be made for holding a bottle, permitting it to be clamped in place of a rack. 

The motor is a 1,750 r.p.m. and M%, h.p. (or larger). Using a 114 ineh 
pulley on the motor, the speed will be slightly slower than that required. The 
speed can be increased by wrapping tire tape around the pulley in a direction 
opposite that of its rotation. The speed is checked after each addition of one 
or two layers of tape until the revolutions per minute of the large wheel, as 
determined by a speed indicator (or by oscillations of the top board), are be 
tween 275 and 285. 

Diameters of pulleys are 114 inches and 9 inches. The pulleys may be 
obtained from Central Die Casting and Manufacturing Co., Chieago, as 150A 
and 900A, respectively. Length of belt is 331% inches. It is a V belt, Good 
rich, FHP No. 1340. 

























































A METHOD FOR MEASURING THE TENSILE STRENGTH AND 


STRETCH OF PLASMA CLOTS* 


I. M. Tartov, M.D., Atvin I. Go_prars, M.D.,t AND BERNARD BENJAMIN, M.D. 
BROOKLYN, N. Y. 


N THE course of experiments on autologous plasma clot suture of nerves,’ 

a somewhat erude but simple method of testing the tensile strength and stretch 
of clots formed in vitro was devised. This technique has since been improved 
and in its present form has given fairly consistent measurements which have 
aided in the determination of the most suitable types of plasma clot for use 
as nerve suture material. Since the method may be of use in other fields of 
investigation, particularly the hematologic, a description of it is considered 
advisable. Careful search of the literature has disclosed previous methods for 
measuring the tensile strength and stretch of plasma clots.*.* However, the 
present method, which was independently evolved, appears simpler, more read- 
ily constructed, and seems to us more suitable for accurate determination of 
these values. 

Blood is drawn in a chilled syringe coated with mineral oil and is imme- 
diately transferred to paraffin-lined test tubes packed in ice. The tubes are 
placed in 250 ¢.¢. metal cups filled with ice and are centrifuged for from five 
to seven minutes at 2,750 r.p.m. Centrifugation for longer periods often re- 
sults in clotting of the plasma. On removal from the centrifuge the tubes are 
at once repacked in ice, and the supernatant unmodified plasma is ready for 
use. If blood to which an anticoagulant has been added is used, it is chilled 
and centrifuged in an identical fashion. 

One eubie centimeter of the plasma is pipetted into a test tube of & mm. 
inside diameter in a water bath at 37° C. and allowed to clot. When a clotting 
agent is used, it is placed in the test tube in the water bath for a brief interval 
before addition of the plasma so that the temperatures may be as constant as 
possible throughout. After coagulation the elot is withdrawn from the tube 
by touching the tip of a heated platinum wire to the upper surface. The clot 
adheres to the wire and ean easily be lifted out. When clot retraction has not 
occurred and the clot adheres to the test tube, a fine cool platinum wire is run 
carefully around the clot to loosen it. 

The upper end of the clot is grasped in the rubber-sleeved jaws of a small 
iemostatie clamp held horizontally by means of a support, clamp holder and 
clamp. A common pin is pushed through one of the rubber sleeves and points 
0 the zero mark of a millimeter rule held vertically by another clamp affixed 
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Fig. 1.—A, Metal centrifuge cup and enamelware pot containing test tubes packed in ice; 
B and C, removal of plasma clots from test tubes by heated platinum wire: D, grasping clot in 
clamp. 


Fig. 2.—A, Application of clip to clot, leaving 1 em. tree for testing; BL, stretch of 1. 
mm. following application of clip; C, use of apparatus for measuring tensile strength and stret« 


of clots. Clot shown supports clip and weights totaling 15 Gm. with stretch of 4.5 mm. 





TARLOV ET AL.: TENSILE STRENGTH OF PLASMA CLOTS 


to the same support. The rule is just behind and to the side of the clot. The 
end of the pin pointer is fixed to the zero mark of the rule with a drop of 
collodion. This zero mark is permanently adjusted to correspond to the june- 
tion of the clot and clamp (Fig. 1). A light ‘‘radio elip’’ with the cylindrical 
wire guide cut open and bent to form a hook and with rubber-sleeved flattened 
jaws is clipped to the lower end of the clot. One centimeter of free clot is left 
for testing. Through one of the rubber sleeves of the elip is another common 
pin which indieates a mark on the rule level with the junction of clot and elip. 
A heavy silk thread is knotted about the upper pointer, strung parallel to the 
rule, and fixed to the clamp below. This serves as a guide for the lower pointer 
which runs between the rule and the thread and also serves to damp the swing 
of the clip which results from the addition of weights. The stretch resulting 
from the application of the clip (weight 4.0 Gm.) and each additional weight 
load is measured as the increase in distance between the two pointers. Rubber 
bands (weight 0.5 Gm.) are slit so as to slip over the heads of weights, and the 
weights are thus gently added to the hook of the clip at intervals of fifteen to 
forty-five seconds until the clot breaks (Fig. 2). It was found convenient to 
remove all the weights at 40 or 45 Gm. and to substitute for them, adding the 
next increment, a single 50 Gm. piece. At this point the tendency of the clot 
to approximate its original length is recorded. This may be repeated at 90 to 
95 Gm. by adding a single 100 Gm. piece after removal of the weights. A 
cotton padded drinking cup may be placed beneath the weights to ecateh them 
and the ¢lip when the clot breaks. The tensile strength of plasma clots from 
8 healthy adult human males was found to average 44 Gm. The values ob- 
tained trom ill persons were frequently considerably higher. The stretch seems 
to be directly proportional to the weight load; each 10 Gm. increment causes an 


average stretch of 2 to 3 mm. The final inerement causes a greater rapid 


stretchine which results in the break of the elot. I'urther detailed studies of 
tensile streneth and stretch are being carried out. 
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METHOD OF SUSPENDING BOTTLE* 


Ik. E. Myers, M.D., Puimiprer, W. Va. 


a” KASY method for suspending an inverted bottle as for use in a Wangen- 


steen suction apparatus,’ ete., is described. 








Pag. i. 


Either Venetian blind cord or suspender cord is satisfactory. A piece 
about 3 feet in length (for a gallon bottle) is used to make a ring around the 
bottle with three loosely tied knots evenly spaced. A second piece of cord, 
about 10 feet long, is started down through one of these loops, brought around 
the neck of the bottle, crossed over and brought back up through the next 
loop. It goes through the iron ring (harness ring 114 inches in diameter) which 
is to suspend the bottle, passes down through the third loop and continues as 
above until there are two ropes through each loop. The ends of the rope are 
tied together and the knots in the rope around the bottle are drawn tightly. 

Fig. 1 shows the appearance of the completed suspension. 
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PROTECTIVE CAPS FOR GLASS TISSUE GRINDERS* 


EDWARD J. Fotey, Notre Dame, INp. 


ISSUE grinders consisting of paired tubes one within the other in which 

tissue fragments or bacterial clumps are emulsified are widely used in virus 
and bacteriologic work. The tubes are roughened and are made to fit snugly 
by grinding with abrasive powder. 

Two types are principally used: (1) The TenBroeck grindert made of 
heavy pyrex glass, and which is designed mainly for manual manipulation, and 
(2) those more or less similar in design to that deseribed by Hanks, the 
plungers of whieh are activated by a mechanieal rotary device.?~4 

The use of grinders is accompanied by the risk of contamination of the 
material being ground by air-borne bacteria and of contamination of the 
operator with the material through splashing, ete. 

The apparatus of Corper and Cohen® and that of Hanks* have devices to 
reduce the chances of contamination. The present report is concerned with a 
simple means of preventing contamination of the material and of protecting 
the operator when either the TenBroeck or Hanks type of grinder is used. 

Devol gum rubber eaps, such as are used for nursing bottles or centrifuge 
tubes, are selected which will fit over the mouth of the receptacle tube. A hole 
is punehed in the center of the cap with a cork borer and the shank of the 
plunger is pushed through it. The hole should be of such size that the shank 
of the plunger fits snugly but without binding. 

The grinder parts are wrapped separately for sterilization. The receptacle 
portion is plugged with cotton and may be dry sterilized. The plunger part, 
heeause of the rubber cap attached, must be autoclaved. After inserting the 
material to be emulsified, the lip of the receptacle tube is flamed, the plunger 
is inserted, and the eap is fitted over the outer tube with aseptic precautions. 

The use of the protective cap is advantageous in grinding tissues by hand, 
since considerable manipulation for a time may be necessary and abundant 
opportunity for contamination is present. 

Likewise, a protective device is desirable when cultures or tissues are 
emulsified using a mechanical rotor. The gum rubber caps deseribed are more 
convenient than the holed cork stoppers used by Hanks, since diluting fiuids 
can be aseptically introduced through the cap without stopping the motor by 
means of a syringe and hypodermie needle after rubbing the surface with 
aleohol. 
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A SIMPLE TEST TUBE AND COMPARATOR* 





RACK 


ALFRED LEWIN Copley, M.D., KANSAS City, KAN. 


HE rack for test tubes is very simple and space saving, as can be seen from 
Kig. 1. If a test tube without a lip is desired, the lip ean be easily sub- 
stituted by a rubber band placed around the top of the tube. Should it be 
necessary to observe the lower part of the test tubes for extended periods of 


time, a detachable block may be placed to support each end of the rack (Fig. 2). 
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Further, the rack can be used to complement a light box for comparative 
readings and thus is a part of a simple comparator for color intensity or for 
measuring the brightness of light reflected by the particles in suspension in a 
tube. It was used in our studies with the toluidine blue reaction for heparin." 
The interior of the light box is painted white and contains two fluorescent bulbs 
of sufficient length to fill the longitudinal axis of the box. Their light is re- 
flected through a plate of milk glass and thus illuminates the samples unde) 
test. The box can be used also as a titration light. 

Fig. 3 illustrates the comparator with a permanent rack for tubes con 
taining standard solutions and a support for the sample rack described above 
Both rack and comparator are constructed from wood and are, therefore, inex 
pensive to manufacture. 
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AN APPARATUS FOR THE SIMULTANEOUS MEASUREMENT OF 
INTRAMUSCULAR AND VENOUS PRESSURE* 
LEWIS GUNTHER, M.D., AND Henry H. HENStTELL, M.D. 
Los ANGELES, CALIF. 


HE use of Henderson’s modification of the instrument devised by Kerr and 

Scott! for the measurement of intramuscular pressure has certain draw- 
backs. (a) It requires the use of two men, both of whom must be trained in 
its use. (b) Especially difficult and a source of most errors is the reading of 
the end point when the meniscus begins to move in the capillary tube. (¢) The 
need to refill constantly the capillary tube with sterile saline when frequent 
readings are desired. 

Prineipally, the shortcoming of this method is the need for manpower 
ereater than our team could furnish when simultaneous venous pressures were 
desired. 

Tests conducted with the Henderson apparatus and our modification of the 
instrument by Wells, Youmans, and Miller? convinced us that the macroscopic 
gravity method for the measurement of the intramuscular pressure gave com- 
parable results. 

or convenience, the venous manometer and the intramuscular pressure 
manometer are mounted together. The sections can easily be disengaged for 
sterilizing (Fig. 1). The reservoir (Rm), whieh holds 50 ¢.e. saline, is connected 
through a glass stopeock (S) and a T tube to a 5 mm, glass tube with a 3 
mm. bore (M). The outlet is controlled by a screw clamp (Sc) over a rubber 
tube which holds the female portion of a metal-connecting link ((’). The male 
portion is inserted into rubber tubing, whieh in turn is connected to a needle 
adapter, and the 26 gauge needle which is inserted into the muscle. 


TABLE | 


INTRAMUSCULAR AND VENOUS PRESSURE READINGS OVER A PERIOD OF 60 MINUTES 


reer | ; INTRAMUSCULAR | VENOUS 
PATIENT TIME (MIN.) s San 
| PRESSURE (MM. H,O) | PRESSURE (CM. H,0) 
r 7 - aia a 0 : / | ; 82 6.9 ; 7 
7 84 6.6 
19 SO 6.7 
17 S80 
20 74 
30 77 7.9 
oo yf 8.1 
45 73 7.9 
60 (Bs 8.2 














*From the Cedars of Lebanon Hospital, Los Angeles. 
Aided by a grant from the Ciba Pharmaceutical Products, Inc., Lafayette Park, Summit, 
Received for publication, March 9, 1942. 
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The venous manometer is similarly constructed, but the tubing of the 
funnel and the manometer is split to facilitate sterilizing. The manometer and 
the reservoir tubes are connected by standard glass or metal-connecting links 


(Fig. 2). 
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Fig. 1. 

Fig. 1.—Apparatus for the simultaneous measurement of intramuscular and venous pre 
sure, assembled after sterilizing. 
i Fig. 2.—Upper part of apparatus removed to show glass and metal connections and slot 

A vertical piece of metal (V) is mounted front and back to reinforee and 
give rigidity to the extension piece which is slotted (Fig. 2) to slip over th« 
screw that is tightened lightly when the apparatus is assembled. 

The venous reservoir (Fv) is filled with 3 per cent sodium citrate and th 
venous pressure needle is gauge 18. 

The intramuscular reservoir (fz) is filled with saline. The special slotte 
needle described by Hlenderson' is inserted into the muscle. The zero level 
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the apparatus above the floor is determined by means of a water air bubble 
level, attached to a stiff steel tape (rig. 3). 

The level of the needle in the vein and in the musele and the level of the 
auricle are obtained by the same means. The manometer tubes are filled from 
the reservoir, and are permitted to attain their level by gravity. It takes about 
five minutes for the fluid to equilibrate with the muscle and two to three min- 
utes in the vein. Thus continuous readings of the intramuscular and venous 
pressures can be made at five-minute intervals. 











Lilililil} 








Fig. 3.—Steel tape and water level arrangement for obtaining zero point of apparatus, auricular 
level, and levels of the intramuscular and intravenous needles. 


Difficulty with the reading may be had with the first intramuscular pres- 
sure reading. It may be necessary to pull the needle back or to insert it deeper 
to obtain a free fall of the fluid level in the manometer. A second and a third 
check reading will ascertain the workability of the apparatus. Thereafter, 
‘eadings may be obtained over a long period of time merely by refilling the 
manometer tube from the reservoir to a level above the value of the intramus- 
‘ular pressure and allowing it to fall by gravity. Likewise, the vein is flushed 
vith 3 per cent sodium citrate from time to time to keep the needle clear, and 
‘ontinuous readings may be taken at will. 

It will be found that intramuscular pressure readings will vary over a 
ange of 10 mm., and venous pressure readings over a range of 2 em. in any 

ries of readings (Table 1). The latter will vary only 1 em. if the patient 
: quiet, not straining or coughing, but will vary over 2 em. range if the patient 
apprehensive. 
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AN IMPROVED ROUTINE TISSUE STAINING TECHNIQUE FOR 
FORMALIN-FIXED TISSUES* 


Henry S. BLANK, A.B., M.D., Cotumsia, S. C. 


XxX A MATTER of convenience, time, and economy the time-honored routine 
tissue stain has been that of hematoxylin and eosin, almost to the exelu- 
sion of any other. The technique is simple, even for inexperienced hands; the 
results are adequate for routine diagnosis of surgical and necropsy pathology. 
The stain has its limitations, however, particularly in the presentation of cer- 
tain histologic and pathologie structures. The chromatic expression of these 
structures in stained sections has given rise to a host of special stains which 
are individually applicable. Lack of time, material, and technical assistance 
has limited the use of these techniques. This is especially true of smaller 
pathologie laboratories. It follows that any technique that will give better and 
more extensive detail with a minimum of complexity will be weleomed. 

Of the several other generally advocated routine tissue staining techniques, 
the Mallory eosin or phloxine methylene blue procedure has few peers. How- 
ever, the effective presentation of histologie detail by this method is beset by 
several difficulties. Among these are the more or less axiomatie requirement 
of Zenker fixation, length of staining time, individual differentiation of slides 
under the microscope, and finally, lack of uniformity of results exeept in 
expert hands. 

It was the aim of this laboratory to effect a staining technique that had 
the advantages of the methylene blue eosin system with none of its disadvantages. 


GENERAL PRINCIPLES 


Ohlmacher’s discovery of the mordanting action of formaldehyde on coal 
tar dyes was utilized in the preparation of a methylene-blue-azure mixture.’ 
Giemsa stain was added to the methylene blue as a source of the azures. I 
appears to contribute a generally wider chromatic seale by giving additional! 
variation in the shades of blue. 

Mercurochrome 220, commonly used as a disinfectant, replaced eosin. This 
dye is dibrom-oxymereury-fluorescein and is closely related to eosin which 
tetra-bromfluorescein. Conn? quotes Baldwin as stating that it may be used i: 


*From the Pathological Laboratory of the Veterans’ Administration Facility, Columbia 

teceived for publication, March 17, 1942. 

Published with permission of the Medical Director, Veterans’ Administration, who assum: 
no responsibility for the opinions expressed or the conclusions drawn by the author, 
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2 per cent aqueous solution in place of eosin for tissue work after Zenker fixa- 
tion. Conn states that it has a stronger affinity for eytoplasmie structures than 
eosin and staining properties not unlike erythrosin or phloxine. 

It was determined that the 2 per cent aqueous solution gave far too bril- 
liant results, and that a dilution of 0.1 per cent was more than adequate. The 
stain has an apparent specific affinity for eytoplasmie structures and is not 
easily washed out. The diffuseness of staining, so characteristic of eosin, is 


quite absent. 


REQUIRED STAINS 


Hematoxylin, Delafield. 

Methylene blue—0.5 Gm. dissolved in 10 ¢.c. of absolute aleohol diluted 
to 100 ¢.e. with 4 per cent neutral formalin. 

(Giemsa stain—stock solution—4.5 ¢.c. diluted to 100 ¢.c. with 4 per 
cent neutral formalin. 

Mix both stains. This mixture forms a stock solution to which is added 
1 Gm. of borax. Dilute 1:20 for use. 


Mereurochrome 220—2 per cent stock solution D @.e, 
Aleohol 95 per cent 25 ¢.¢. 
Water To make 100 e.e. 


STAINING PROCEDURE 


Deparaffinize formalin-fixed tissue sections in two changes of xylol. 
Absolute alcohol —one minute. 

Aleohol, 95 per cent—one minute. 

Aleohol, 70 per cent—one minute. 

Water —one minute. 

Hematoxylin, Delafield—five minutes. 

Wash in two changes of water to remove excess stain. 

Decolorize until rose colored in water to which several drops of con- 
centrated hydrochloric acid have been added. 

Wash in water. 

Wash until blue in water to which several drops of strong ammonium 
hydroxide have been added. 

Wash in water. 

Mereurochrome solution—one minute. 

Wash in water to remove excess stain. 

Methylene blue—azure stain—two minutes. 

Wash in water to remove excess stain. 

Decolorize in 95 per cent alcohol until no more color is seen to come off 
in drippings, about fifteen to thirty seconds. 

Wash briefly in 95 per cent aleohol and complete dehydration in two 
changes of absolute alcohol. 

Clear in two changes of xylol. 

Mount in balsam. 


It is desirable to filter the mercurochrome before using, to remove the 
eht golden seum which forms on standing for any length of time. A 0.1 per 


it aqueous solution has been found satisfactory, without the addition of 
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aleohol, but the latter appears to give slightly better results. No particular 
improvement was noted by the addition of colophony to the differentiating 
aleohol. 

Staining by this technique appears to give greater nuclear detail than is 
observed by hematoxylin and eosin. Fibrous tissue is sharply differentiated 
from muscle tissue. Inflammatory and blood elements are exceptionally promi- 
nent and present detail in both nucleus and cytoplasm. Other struetures stain 
as in the Mallory technique. 


SUMMARY 


A new staining technique is presented which is suitable to routine tissue 
sections fixed in formalin. It is simple, does not require individual microscopic 
differentiation of sections, and produces excellent and uniform results even in 
inexpert hands. 
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A NEW DEVICE FOR THE APPLICATION OF SCALP ELECTRODES 
IN ELECTROENCEPHALOGRAPHY 


Robert Coun, M.D., WaAsHinetron, D. C. 


HE device consists of a spring air valve seated in a brass or plastie casing. 
Fig. 1 shows in longitudinal section the essential design characteristies and 
mechanism of the device. The total weight of the electrode applier, with brass 


easing, is less than 15 Gm. 
METHOD OF USE 


The sealp surface is prepared according to standard procedures. The solder 
pellet electrode is then held in position by placing the valve pin on the eleetrode 
and making gentle pressure on the thumb rest of the electrode applier. A drop 
or two of collodion is then allowed to flow over the electrode. To hasten the 
setting of the collodion, it is necessary to disperse its volatile solvents. This Is 
readily accomplished by a blast of air from the device. A moderate increase 
in the pressure exerted on the thumb rest of the electrode applier opens the 
valve and allows the compressed air to escape through the applier outlet. Thr 
to five pounds per square inch of pressure is quite adequate for efficient drying. 
Since only low pressures of air are required, the electrode applier can be coi 

*From the Laboratories of St. Elizabeths Hospital, Washington, D. C. 

This work is in part aided by the Supreme Council 33° Scottish Rite, Masons of 


Northern Jurisdiction, U. S. A. 
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nected to the compressed air-reducing valve (from tank or line) by means of 
thin-walled rubber tubing. This adds much to the general ease of manipula- 


tion of the deviee. 
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DSBS | 
| 
| 


—METAL CASING 











, 
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y 
Z~VALVE 
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Fig. 1. 


CONCLUSIONS 


This electrode applier simplifies the technique of electrode application for 
the following reasons: 

1. Ease of manipulation resulting from its compactness and lightness. 

2. Efficiency of operation. 

3. More firm and more uniform application of electrodes result from the 
minimum pressure required to open the air valve. 

4. Rapidity of electrode application because of the proximity of the air 
blast to the applied electrode. 



















































CHEMICAL 


SIMPLIFIED OXYGEN ANALYZER FOR OXYGEN TENTS* 
A. H. Anprews, JR., M.S., M.D., anp L. W. Roru, Pxu.D. 
CuIcaco, ILL. 


HE importance of oxygen concentrations in the therapeutic uses of oxygen 

has received considerable emphasis. In spite of this, many oxygen tents are 
not controlled by oxygen concentration determinations. 

Many oxygen tent analyses were made and the majority of the determina- 
tions showed oxygen concentrations to be from 30 to 45 per cent. After the 
nurses were instructed to flood the tents more frequently, the concentrations 
were somewhat higher but were still not satisfactory. It was also apparent that 
regulation of the concentration by a technician to 50 per cent or over three times 
a day would not maintain the concentrations satisfactorily between his visits 
because of the nursing care which necessitated opening the tents. It was con- 
cluded, therefore, that oxygen analysis by the nurses was necessary in order 
to maintain the desired concentrations. 

The following criteria were considered essential for an oxygen analyzer 
suitable for use by nurses: 1. Use of equipment familiar to nurses. 2. No ad- 
justment of fluid level. 3. Absence of valves. 4. Reasonably foolproof. 5. In- 
expensive. 6. Accuracy within plus or minus 2 per cent. 

The analyzer described below was devised. The fifteen which were built 
and used for two years with satisfactory results fulfilled the above-mentioned 
criteria. 

DESCRIPTION 


The analyzer consists of a 200 ¢.c. glass jar (see Fig. 1) filled with No. 30 
pure copper cloth. A No. 1144 rubber stopper is drilled to hold a glass tube 
8 mm. in external diameter and 10 inches long, and to hold firmly the tip of a 
standard 10 ¢.c. svringe. The glass tube extends from the bottom of the jar 
high enough so the fluid does not overflow. The lower end of the tube is con 
stricted by heating and the upper end is closed with a small toy balloon. 

The seale consists of a strip of paper cemented to a strip of light brass and 
held on the tube with rubber bands. The seale is calibrated by injeeting with 
the syringe the following amounts of air, and after the fluid stops dropping, the 
level is marked at the concentration as indicated: 10 ¢.e. of air, 21 per cent; 
8.75 ¢.¢., 30 per cent; 7.5 ¢.c., 40 per cent; 6.25 ¢.c., 50 per cent; 5 ¢.e., 60 per 
eent; and 3.75 ¢.c., 70 per cent. 

The solution in the copper-ammonia-chloride reagent, recommended | 
Badger,’ consists of equal amounts of water and concentrated ammonium h 


*From the Oxygen Therapy and Clinical Research Departments of St. Luke’s Hospital and 
the Department of Physiology and Pharmacology, Northwestern University Medical Sch 
Chicago. 

Received for publication, May 2, 1942. 





1346 

































ANDREWS-ROTH : 





OXYGEN ANALYZER FOR OXYGEN TENTS 
droxide (28 per cent) saturated with ammonium chloride. This solution does 
not give off enough ammonia to be objectionable. As it becomes exhausted, the 


solution forms a yellow precipitate which can be dissolved with a small quantity 


7 @ 


of the fresh solution. 





! 


Q 


Fig. 1—Simplified oxygen analyzer. 1, Toy balloon; 2, glass tube; 8, scale; 4, syringe; 5, rub- 
ber stopper; 6, glass jar; 7, roll of copper cloth. 


TECHNIQUE 


A 10 @.. syringe, moistened occasionally with water, is attached to the 
oxygen sampling outlet or catheter extending into the tent and flushed four to 
six times. The plunger is withdrawn to the 10 ¢.¢c. mark, the syringe is de- 
tached, and the tip is covered with the finger. The tip is inserted into the hole 
in the rubber stopper, care being taken not to let the plunger move during the 
procedure. The plunger then is pushed down gently and twisted until it sticks. 
After the fluid level in the tube is stationary (within twenty seconds to one 
iiinute), the concentration is read on the seale. The syringe is left in place 
until the next analysis. 

Once every day or two the seale is checked by an injection of 10 ¢.c. of air. 
|’ the level does not stop at the 21 per cent mark, the scale is adjusted as neces- 
sory. This, like the replacing of the solution, should be done by a technician 
o: by the supervisor of the oxygen therapy. 


DISCUSSION 


An oxygen tent is no better than the oxygen concentration. Oxygen ad- 
iistration is similar to administration of any medicine, and the significance of 
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the dosage should be recognized and controlled. Analysis by a technician at 
intervals is valuable, but inasmuch as the tent may have to be opened for nursing 
attention between analyses, there are periods when the concentration drops. 

This analyzer is designed for the nurse to use. She is instrueted to make 
an analysis each time the tent has been opened and closed, and to adjust im- 
mediately the concentration to 50 per cent or over. In addition, the econecentra- 
tion is determined every hour. This frequent testing of the concentration also 
makes the nurse realize that frequent unnecessary opening of the tent is detri- 
mental to the patient. 

The time required for the analysis is almost negligible. Withdrawing the 
sample and injecting it into the analyzer requires less than thirty seconds, and 
the nurse can return in a minute or two and read the concentration. 

The cost of the material for making the analyzer itself is small; the-syringe, 
furthermore, is a standard hospital item. The apparatus can be made in any 
laboratory equipped with the necessary hole cutters and metal shears. This in- 
expensiveness makes it possible to have several on hand. When the solution 


becomes exhausted, another ean be substituted. 


SUMMARY 


An oxygen analyzer is deseribed, which has been designed specifically for 
use by nurses. The analyzer is reasonably accurate, simple to use, inexpensive, 
and can be made in the ordinary laboratory. 

Analysis of the oxvgen concentration after each time the tent is closed and 
at frequent intervals increases the efficiency of the therapy. 
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THE SPECTROPHOTOMETRIC DETERMINATION OF PHOSPHORUS 
AND CHOLESTEROL* 


MitprRep KaucHer, M.S., Vircinta Burron, A.B., AND 
Harotp H. Wituiams, PH.D., Derrorr, Micu, 


ECENT advances in the development of spectrophotometric¢ instruments for 

precise color measurement make it possible to attain equal or greater ae- 
curacy in chemical analysis and to employ procedures which have been hitherto 
unavailable. Furthermore, they offer the advantage of increasing the number of 
determinations that may be performed in a given time. This paper presents the 
adaptation of phosphorus and cholesterol methods to the spectrophotometer. 


PHOSPHORUS DETERMINATION 


The boundaries of quantitative biochemistry have been greatly extended by 
Van Slyke and his associates through the development and application of the 
gasometrie technique for the microdetermination of organic carbon.’* The 
principle of their procedure has been adapted successfully to microquantities 
of inorgani¢ phosphate,* sulfate,’ caleium,® and magnesium* by manometric com- 
bustion of their organic precipitates. The introduction and use of special eom- 
bustion centrifuge tubes” ® * permitting, without transfer, precipitation, wash- 
ing, and combustion of the organie compound has simplified the method and ex- 
pedited the time needed for carrying out the determination. 

From the viewpoint of microtechnique and accuracy, the gasometrie de- 
termination of phosphorus is ideal. The laboratory possessing a_spectro- 
photometer, however, may use the present adaptation to advantage, since it 
facilitates with a similar degree of accuracy the analysis of large numbers of 
samples with less highly skilled and trained personnel, and eliminates any inter- 
ference from contaminants such as atmospheric dust and carbon dioxide. Ap- 
plying the following procedure, it has been possible to perform a large series 
of phosphorus analyses in one day whereas formerly two or three days were 
required, 

The procedure of Kirk* is followed up to the washing of the precipitated 
phosphorie acid in the form of strychnine phosphomolybdate. An aliquot 

isually 6 ml.) of the phosphoric acid sample is placed in an ordinary 15 ml. 
nical pyrex centrifuge test tube. Two milliliters of the strychnine molybdate 
e added dropwise with continuous shaking and allowed to stand not less than 
i minutes.t The tube is centrifuged, the supernatant liquid is deeanted, and 





*From the Research Laboratory of the Children’s Fund of Michigan, Detroit. 
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tIn the original procedure of Kirk the reagent is added rapidly to the sample and the 
tents of the tube are thoroughly mixed. The tube is then permitted to stand for twenty to 
ty-five minutes to complete the precipitation. If carried out by the above modification, there 
iving in time since precipitation is complete at the end of ten minutes, 
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Fig. 2.—Concentration of phosphorus vs. transmittance. 


the mouth of the tube is wiped free of any remaining liquid. 


Two milliliters 


of 1 per cent nitric acid are added, the precipitate is stirred with a elass rod, and 


the tube is centrifuged for five minutes. 


hing with nitrie acid is re- 


peated twice (three washings in all); no stirring is necessary in the last was 
The precipitate is then dissolved in 2 


ml. of 1 per cent sodium hydroxide, am! 
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Fig. 4.—Concentration of cholesterol vs. transmittance. Maximum average deviation +0.6. 


contents of the tube are completely transferred into a 100 ml. volumetric 
sk with distilled water. After making to volume, the sample is ready for 


lor measurement.* 


Fig. 1 shows the spectral transmittance curve of the strychnine phospho- 


Iybdate in a dilute sodium hydroxide solution. From 400 to 550 my the 


_ *In the present study the Coleman Universal Spectrophotometer was used. Any similar 
ice that will allow for the selection of light of the proper wave length should be suitable. 
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absorption decreases to zero and remains there until 650 my is reached. Above 
650 mp there is slight absorption. Since the maximum absorption between 400 
to 700 mp was at 400, the spectral properties of the solution were examined be- 
tween 350 and 400 mu. The maximum absorption was obtained at 375 mu. 


TABLE I 


COMPARISON OF SPECTROPHOTOMETRIC AND GASOMETRIC DETERMINATION OF PHOSPHORUS 


GASOMETRI( RECOVERY GASO METRIC ‘ 
PHOSPHORUS TRANSMITTANCE 
| 
| 





PHOSPHORUS | 
} PHOSPHORUS 


| 
MG. | PER CENT 
— — : 


MG. PER CENT 
i 0.0064 =| 0.00648 _ a ||) |: an ia \ : 
0.0080 0.00808 101.0 71.0 
0.0096 (0.0098 102.2 | 65.3 
0.0128 | 0.01276 99.6 | 56.4 
0.0160 | 0.01588 99.3 | 48.3 
0.0192 0.01922 100.1 | 41.4 
0.020 | 0.0197 98.5 39.5 
0.024 0.0244 101.6 | ga.0 
0.0288 - - | 25.8 
0.032 - - re | 





*Maximum average deviation +0.9. 


Table I shows the comparative values of a series of standards ranging from 
0.0064 mg. to 0.032 mg. of phosphorus, as determined by both the spectro- 
photometric method and by the gasometrie microtechnique. By plotting the 
transmission values against the quantities of phosphorus on semilog paper, a 
straight line results, as illustrated in Fig. 2, thus demonstrating that Beer’s law 


is obeyed over the range of concentrations studied. 
CHOLESTEROL DETERMINATION 


There have been many procedures proposed for the determination of choles- 
terol. The microprocedure for the determination of free and combined cholesterol 
of Schoenheimer and Sperry’ achieves a degree of accuracy which has pre- 
viously been obtainable only with the classical macrogravimetrie technique of 
Windaus. Because of the weak color intensity in the small volume required by 
the method, the use of this excellent and precise procedure, unfortunately, has 
been limited to only those investigators possessing a photometer. Most of the 
available photoelectric measuring devices are not equipped with cells of the 
proper depth to volume ratio to make accurate measurement of the limited 
amount of faintly colored solution.'? The colorimeter has been employed for 
measuring the color, but it has not been altogether practical.” '?? The Coleman 
Universal Spectrophotometer, however, which employs a square cuvette giving 
a depth of approximately 1.3 ¢m. for a volume of 6 ml., has proved satisfactory, 
provided the cholesterol digitonide is dissolved in double the quantities of re 
agents, as recommended?’ for large precipitates. 

The method up to the dissolving of the cholesterol digitonide for eolor 
measurement is exactly as given by Schoenheimer and Sperry,’ ineluding thi 
more recent improvements recommended by Sperry*'° The cholesterol digito 
nide is dissolved in 2 ml. of glacial acetic acid, 4 ml. of acetic anhydride, an: 
0.2 ml. of concentrated sulfurie acid. After developing the color in accordance 
with the original method,’ it is measured in the spectrophotometer employing th: 
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630 mz wave band. From the spectral transmittance curves of cholesterol and 
cholesterol digitonide, as shown in Fig. 3, it may be noted that the maximum ab- 
sorption occurs between 620 and 6385 mp for both compounds. Noninterference 
of the digitonide with the light absorption of cholesterol is a decided advantage, 
as was pointed out originally.® 

Transmittance values were determined for 0.04 mg. to 0.7 me. of cholesterol, 
encompassing a range higher than that given in the original method (0.02 to 
0.015 mg.). This wider range has been made possible by doubling the amounts 
of digitonin used for precipitation of the cholesterol. The 1 ml. of digitonin 
solution recommended’ will precipitate the cholesterol completely up to and 
including 0.38 mg. Above 0.3 to 0.7 mg., however, 2 ml. of the digitonin solu- 
tion are required to precipitate the cholesterol completely. If there is doubt 
as to the quantity of cholesterol in an unknown, 2 ml. of the digitonin solution 
may be used with as low as 0.1 me. of cholesterol. A series of samples contain- 
ing from 0.1 mg. to 0.8 mg. gave the same per cent transmittance values when 
precipitated with 1 ml. of digitonin solution as with 2 ml. Plotting the trans- 
mittanee values against the concentration of cholesterol (Fig. 4), it may be 
noted that Beer’s law operates over the range of concentrations studied. 


SUMMARY 


The gasometrie phosphorus and the colorimetric cholesterol digitonide 
methods have been adapted successfully to use with the spectrophotometer with- 
out sacrificing original features of microtechnique, specificity, and accuracy. 
Phosphorus may be determined within the range of 0.006 to 0.3 mg., quantities 
similar to the gasometrie method, For cholesterol it has been possible to en- 
large the quantities (0.04 to 0.7 mg.) determined without loss of accuracy. As 
a result of these adaptations the above micromethods should find a wider ap- 
plication. 
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A MECHANICAL FOR SMALL 





MANIPULATOR 


FRANKLIN HOLLANDER, PH.D., AND JULIUS STEIN, B.S. 
New York, N. Y. 


N THE course of some work on the chemical properties of native mucous secre- 
tion from the digestive tract, we encountered difficulty in delivering exact 
volumes of this extremely viscous material for microchemical analysis. Our 
analytieal methods aim at a precision of better than 1 per cent, and they eall for 


the delivery of 0.1 ml. samples with a considerable degree of reproducibility. 
































Fig. 1.—Manipulator for small pipettes. 


Because of its extreme viscosity and tenacity, we found it necessary to draw the 
material up into the sampling pipette without overshooting the graduation as 
well as to deliver the sample with rinsing. Consequently, the usual oral method 
of manipulating a pipette was unsuited for this purpose, and it became neces- 
sary to employ a mechanical device. The following arrangement, embodying a 
simple mechanical principle, has proved so very efficient in our work, as well 
as for other purposes, that we describe it for the benefit of others, especially 
workers in clinical laboratories who frequently work with 0.1 ml. quantities. 
Contrary to the usual procedure, the pipette and manipulator are supported 
rigidly in a ring stand. The vessel containing the material for analysis is sup- 
ported underneath by one hand while the sample is being taken. Suction and 
delivery are both effected by mechanically controlled changes in the volume of 
air trapped in a small piece of rubber tubing. The upper end of this tubing (A) 
is closed with a piece of glass rod or with rubber cement; the pipette stem is at 
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tached to its lower end at (B). The tubing is held between two rigid metal plates, 
the front one of which (C) can be driven gradually against the back one (D) 
by means of a screw with knurled knob (EF). These plates are both 5 em. long; 
their widths are 18 and 35 mm., respectively. The distance between the front 
of the supporting frame and the back plate is about 15mm. <A nut (7) soldered 
to the inside of the supporting frame serves to steady the movement of the screw 
without increasing the weight of the device. The pins (@) serve only to keep 
the front plate (C) from swerving from side to side, and the 15 em. rod (H) 
supports the device on a ring stand. 

Before the pipette is immersed in the liquid, the tubing must be compressed 
to a moderate degree; thereafter, gradual release of this pressure will serve to 
draw the liquid up to the graduation mark without overshooting the mark, and 
recompression will serve to deliver the sample as required. In order to insure 
complete filling and emptying of the pipette, the volume of air contained in the 
rubber tubing must be slightly greater than the capacity of the pipette. For 
0.1 ml. samples we use a piece of red rubber tubing (inside diameter 4.5 mm., 
wall thickness 1 mm.) about 6 em. long, exclusion of the upper and lower ends 
which are filled with glass. A similar device of slightly larger dimensions has 
been employed for pipettes of greater capacity. 


SIMPLIFIED MICROMETHOD FOR BLOOD SULFONAMIDE 
DETERMINATION* 


GILBERT M. JORGENSEN, M.D., ANCON, CANAL ZONE 


N THIS report is described a modification of the diazotization method’ for 

quantitative determination of unconjugated sulfonamides in blood. The 
modification permits the use of smaller quantities of blood and lessens the time 
required for performance of the test. In accomplishing these advantages only 
a small degree of accuracy has been sacrificed. 

A reduction in the amount of blood required to only 0.02 ¢.c. has made 
possible blood sulfonamide determinations on small laboratory animals without 
sacrificing their lives. The method has been applied without difficulty for 
blood sulfonamide determinations on mice. It has been used for six months 
for routine determinations on children receiving sulfonamides, and has proved 
satisfactory. 

A saving in time required for performance of the test has been accomplished 


omitting the precipitation of blood proteins which permits the determination 
ty be carried out in one vessel. 

An Evelyn photoelectric colorimeter with filter 540 M has been employed, 
t.ough other photoelectric colorimeters should serve equally well. For measur- 
ing the blood ordinary 0.02 ¢.c. ‘‘hemoglobin”’ pipettes have been used. 


*From the Department of Pediatrics, Columbia Medical School, and the Babies Hospital, 
Sw York. 
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The reagents required are glacial acetic acid, 0.1 per cent aqueous solution 
of sodium nitrite, 0.5 per cent aqueous solution of ammonium sulfamate, and a 
1 per cent aqueous solution of N-(naphthyl) ethylenediamine dihydrochloride. 


PROCEDURE 


To 2 ¢.c. of distilled water in a colorimeter tube add 0.02 ¢.c. of capillary 
blood with a ‘themoglobin’’ pipette. Add 2 ¢.c. of glacial acetic acid and 1 ¢.c. 
of a 0.1 per cent aqueous solution of sodium nitrite. Shake. After one minute or 
more add 1 ¢.c¢, of a 0.5 per cent aqueous solution of ammonium sulfamate. Shake. 
As soon as the bubbles have risen to the surface, insert the tube into the Evelyn 
photoelectric colorimeter after adjusting the tube holder for 6 ¢.c. volumes and 
inserting filter 540 M. To obtain the first of the two readings necessary, adjust 
the galvanometer string to 5.0 on the lower seale (the midpoint, sometimes 
designated 50), remove the tube, and read the galvanometer. This first reading 
(air setting) serves as a blank and also enables one to caleulate the hemoglobin 
concentration. 

After the first reading has been obtained, add 0.02 ¢.¢. of a 1 per cent 
aqueous solution of N-(naphthyl) ethylenediamine dihydrochloride from 
a dropper calibrated to deliver that amount per drop. Shake, After three min- 
utes or more adjust the galvanometer string to the first reading, insert the tube, 
and obtain the second reading. 

Caleulation of the concentration of the sulfonamide present involves the 
use of the following formula: 

Concentration of sulfonamide K (log 5.0 — log second reading) + C. 
K is a constant determined by using a hemoglobin-free solution of a sulfonamide 
of known concentration. C is a correction made necessary because of the pres- 
ence of hemoglobin; within the range of hemoglobin values encountered, the 
correction necessary is approximately proportional to the hemoglobin con- 
centration. 

The concentration of hemoglobin may be ealeulated from the following 
formula: 

Concentration of hemoglobin K’ (log first reading — log first reading 
of hemoglobin-free blank). 

The correction C = K (loge 5.0 — log second reading) K” (log first reading 

log first reading of hemoglobin-free blank) may be incorporated into the first 
formula as follows: 

Concentration of sulfonamide = K (log 5.0 — log second reading) + K 
(low 5.0 — log seeond reading) K” (log first reading — log first reading of hemo- 
olobin-free blank). K, K’, and K” may be determined from standards of know! 
concentration. The application of the above formula appears rather laborious; 


however, with the aid of a ealeulating machine one may prepare in a few hours 
a table listing the values for all galvanometer readings. 


— 


The correction, C, is not large; for sulfanilamide it amounts to about 
per cent per gram of hemoglobin. For routine determinations, if an error up (0 
10 per cent is acceptable, one may simplify the standardization and the prepara- 
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tion of a reference table by omitting C from the formula and determining a 
constant K’”, using blood of average hemoglobin concentration in addition to a 
standard sulfonamide solution. A blank is not necessary except for the de- 
termination of the constants. 

The most likely source of error results from the occasional adherence of 
bubbles to the side of the colorimeter tube. If the tubes are cleaned with clean- 
ing solution, bubbles seldom adhere to the glass, and when present, they usually 


may be dislodged by shaking the tube. 
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Meeting of Scientific Photographers 


The Biological Photographic Association will hold its Twelfth Annual 
Convention in New York City September 10, 11, and 12. Present-day methods 
of obtaining photographs for teaching and scientific records will be discussed 
in detail. Particular emphasis will be placed on the types of photographs 
needed in the present emergency. The Convention Chairman will be Mr. 
Joseph Haulenbeek, Illustration Division, Rockefeller Institute for Medical 
Research, New York City. Further particulars about the meeting and the 
program may be had by writing him. 

The Biological Photographie Association is a national, nonprofit organiza- 
tion, formed to act as a clearing house for information on the methods of 
scientifie illustration. Its members are scientific photographers, scientists 
interested in the application of photography to their fields, and the makers of 
precision photographie equipment. Information on various techniques, collected 
from experienced workers all over the country, is dispensed by means of the 
Association’s Quarterly Journal, Travelling Loan Albums and Print Salons, and 
direct correspondence through the office of the Secretary. The 1942 Salon of 
medical and biological prints will be on view at the Convention. 
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HEMOGLOBINOMETRY, Rimington, C. Brit. M. J. 1: 177, 1942. 


The following method is described: 


A 1:500 dilution of blood in decinormal sodium hydroxide is made, using a standard or 
calibrated pipette. This dilution may, of course, be made in two steps, if it is preferred, 
as in the worked example quoted below. After a few minutes at room temperature a con 
venient volume, such as 10 ¢.¢., is measured into a small flask, and one-fifth of the volume 
of pyridine is added. Upon mixing by gentle rotation the conversion of the hemepigments 
into the alkaline parahematin is completed within a few seconds; hence there is no necessity 
to allow the original blood dilution to stand for ten, twenty, or even forty minutes before 
proceeding, or alternatively to heat in a boiling water bath, as is required when the alkaline 
hematin method is used. 

A pinch of good quality sodium hydrosulfite (Na,S,O,) is now added to the mixture, 
and the contents of the flask are swirled gently until the solid has dissolved. The immediate 
color change to pink denotes the conversion of the pigments into pyridine hemochromogen. 
Without undue delay (to guard against reoxidation) the solution is transferred to a photo 
electric colorimeter cell, and the light absorption in the region 550 to 555 mu is measured, 
using a suitable filter (e.g., Ilford spectrum filter No. 605—yellow green). From the calibra 
tion factor, obtained by using known weights of pure hemin instead of blood and proceeding 


as above, the hemoglobin content of the blood is then calculated. 


Molecular weight of hemin, C,,H,,0,N FeCl = 651.4 


Iron content of hemoglobin = 0.334 per cent 


Therefore, Molecular weight of hemoglobin = 66,890 
Hemoglobin 66,890 


Hemin. - 4x 6514 = ~°-66 
Should it be contended that the error involved in calculating the molecular weight of hemo 
globin from its iron content is undesirably large, the results might alternatively be expressed 
in terms of hemin or hematin. The extension of pyridine-hemochromogen prepared fron 
crystalline hemin and using a photoelectric absorptiometer with Ilford No. 605 filter and 
1 em. cell was found to be 0.108 at a concentration of 1 mg. per 100 ¢@.e. 

Should no photoelectric colorimeter be available, the concentration of the pyridine-hem« 
chromogen solution may be determined by one of the alternative methods, such as colo: 
comparison in a colorimeter with a standard prepared from hemin (standard solutions of 
hemin in alkali should be kept in the dark) or dilution while viewing with a hand spectro 
scope until the intensity of the absorption band matches that of a standard, as described by 
Roets (1940). This last method is certainly the most simple and rapid, although not quite 
so accurate as the use of a colorimeter. Pure hemin is easily prepared aceording to Gatte! 
mann (1937), but should be recrystallized as follows: 


Five grams of hemin are dissolved in 15 ¢.c. of pyridine, and 40 e.c. of chloroforn 
are added. The solution is passed through a No. 3 or No. 4 sintered-glass filter to remove 
any protein and is run into a mixture of 250 ¢.c. of acetic acid plus 5 ¢.e. of saturated 
sodium chloride plus 4 ¢.c. of concentrated hydrochloric acid, which is maintained at wate: 
bath temperature. After cooling to room temperature the crystals are filtered and washed 
successively with 50 per cent acetic acid, water, aleohol, and ether, and then dried. 

The author has used the pyridine-hemochromogen method with equal suceess for specimens 
of plasma and urine containing hemoglobin, myohemoglobin, or mixtures of these with th 
derivatives. It is only necessary to adjust the initial dilution so that the concentration «f 
pigment in the final solution falls within the comfortable range for measurement. 
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\ No. of Flexner Colonies 
Case Acute o7 - ; 
; MacConkey Wilson-Blair 
No. Convalescent . 

Plate Plate 
240) A l ] 
246 A n 
59 C Neg itive 
962 Cc Negative { 
267 A 20 Uneountable 
271 ( 10 Uncountable 
272 C 2 10 
275 A Negative i Uncountable 
284 \ Negative Uncountable 
285 \ Uncountable — | Unecountable 
298 ( Negitive Uncountable 
300 ( Negative |Uncountable 
341 6 | i) Negative 
342 G 1 Negative 
ae oa) C g 100 
358 C 1 | 30 
O72 C Negative |Uneountable 
383 C Negative | ad) 
384 | C Negative 100 
392 | C Negative 10 


Positive on both media: 8 
Positive on Wilson and Blair’s medium only: 
Positive on MacConkey agar only: 2 
Total positive on Wilson and Blair’s medium: 
Total positive on MacConkey’s agar: 


100° e.e. 


of pyridine and, after mixing, a pinch of sodium hydrosulfite. 
cell the reading on the Hilger-Nutting photometer at 552 


to be 0.62. 


0.62 


The same result was obtained whether the determination was completed within 


stand 
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with decinormal sodium 
cc. of the alkalin, then 

In a 1 em. 
52 mu was 0.573. The 


Hence: 


00 


i.e., 17.76 per cent 


five 


for one hour and that with 


B. DYSENTERIAE (Flexner), Experience Wit) the Wilson and Blair Medium for, Brad- 


Table of results with Wilson and Blair medium and those with MacConkey’'s Agar: 


Remarks 





Pure eulture of Flexner on 
Wilson-Blair plate 

Pure cultures of Flexner on 
Wilson-Blair plate 

Little to choose between the 
two media 

Pure culture of Flexner on 
Wilson-Blair medium 

Pure culture of Flexner on 
Wilson-Blair medium 

Pure culture of Flexner = on 


Wilson-Blair 


medium 


19 (90 per cent) 


10 (50 per cent) 


TAKATA-ARA REACTION, the Diagnostic Value of, Waugh, T. R., and McKenna, R. D. 


Am. J. M. Se. 203: 


729 


1942. 


Analysis of a series of 300 Takata-Ara reactions, carried out for the most part on 


tients who showed a hyperbilirubinemia or who gave reason to suspect 


patie disease, indicates that the test has considerable diagnostic value. It 


the presence of 


would appear 


at the difference of opinion which has arisen in the literature concerning its value is due 


the use of various techniques and a lack of precision in reading the results. A 


scribed whereby more accurate results may be obtained. 
The method used by the authors follows: 


means is 


The test may be done on blood serum, plasma, or transudates such as ascitic fluid. 


st of our results were obtained from oxalated plasma procured at the time of carrying out 
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a complete hemogram. Blood is usually taken for such tests in the morning, between 10 and 
12 o’elock, to avoid any effect of digestive processes on the plasma. At least 1 e¢.e., free 
from hemolysis and cells, is required. 

A series of 8 tubes, approximately 10 em. in length and the inner bore of 1 em., are 
placed in a rack. The tubes must, of course, be thoroughly clean. One cubic centimeter 
of 0.9 per cent sodium chloride is pipetted into each tube, and 1 e¢.c. of plasma is added to 
the first tube. This is mixed with the saline by shaking, and 1 e¢.c. of the mixture is with- 
drawn and placed in the second tube. By continuing in this manner and discarding 1 e.c. 
from the last tube a series of increasing dilutions (1:2 to 1:256) of plasma in saline is set 
up. To each tube, first 0.25 ¢.c. of a 10 per cent solution of sodium carbonate and then 
0.15 ce. of 0.5 per cent bichloride of mercury is added. Complete mixing is obtained by 
shaking after each solution has been placed in the tube. <A slight precipitate, which dis- 
appears on shaking, may occur after addition of the mercury. The tubes are then allowed 
to stand at room temperature for twenty-four hours. 

At the end of this interval the result of the test is read by estimating the amount of 
precipitate in each tube. This is expressed as 0, T (trace), 1, 2, 8, or 4. Precipitates 
classed as ‘*4’’ occupy approximately the lower third of the solution in the tube. In doubt- 
ful cases, accurate reading of the amount of precipitate may be accomplished by thoroughly 
shaking up the tube and filling a Wintrobe sedimentation tube to the 10 em. mark with a 
portion of the contents. The Wintrobe tube is then centrifugalized at high speed for 
fifteen minutes. Less than 1 mm. of whitish sediment in the bottom of the tube is classed 


as a trace (T), 1 to 2 mm. as ‘‘1,’’ 2 to 3 mm. as ‘‘2,’’ and so on. Any amount over 


9 


/ mm. is designated ‘‘ 4, 

The Takata-Ara reaction is positive when two adjacent tubes show a grade ‘‘4’’ 
degree of precipitate and the next tube is at least a grade ‘‘3,’’ for example (00T2441) 
or (00134421). Plus-minus reactions are reported whenever the criteria for the positive 
reaction are not reached, but at least two tubes show a grade ‘‘3’’ sediment, for example 
(OO0T12451), (0001881), or (O0OTTS32). All reactions of lower degree are negative as 
(QOOOTT251) or (OOOTTITT). It would appear that accurate reading of the reaction is 


extremely important. 


C. DIPHTHERIAE, Further Studies on the Serological Classification of, Huang, C. H. 
Am. J. Hyg. 35: 335, 1942. 


Eight serologic types and an unidentified remainder have been found among the diph- 
theria bacilli isolated from the throats of 268 clinical patients with diphtheria. 

Avirulent organisms, besides the virulent ones, were occasionally found in diphtheria 
patients in the acute and convalescent stages. In no instance was an avirulent organism 
found which was at the same time agglutinable by our S-type antisera, affording, therefore, 


no evidence for the transformation « 


f a virulent diphtheria organism into an avirulent one 
in the throat of diphtheria patients. 

The failure to find an avirulent organism, which is at the same time agglutinable by 
S-type antisera in acute and convalescent cases, together with the consistent finding of 
virulence in all the diphtheria organisms which belonged serologically to the author’s § 
types, suggested the possibility of using the serologic agglutination as an indirect, but more 
convenient, means of determining the virulence of organisms in acute and convalescent 
eases, 

Laryngeal diphtheria is less frequently observed in patients who were infected by 
type D, organisms than with other types of organisms. It happened that type D, is the 
only type of diphtheria organisms which possesses both gravis and intermedius strains. 

The prevalence of types of organisms varies in different years, 

Simultaneous and repeated swabs from the throat of the same patient practically 
always revealed the same type of organism. Only two patients were found to be infecte 


by two different types of virulent organisms at the same time. 


SIMPSON MEMORIAL INSTITUTES 
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